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The Patent Conflict 


Every reform movement presents the possibility of 
committing two grave errors. Sweeping conclu- 
sions are too often drawn from specific cases. 
Secondly, the cure might be worse than the disease. 
But in the case of the present “patent battles” 
another question arises, namely, it is doubtful if 
some of the practices now frowned upon by the 
Department of Justice are actually evils that 
conflict with the public welfare. 

According to a statement credited to the Depart- 
ment of Justice, “Patent rights have been used to 
divide fields into non-competitive spheres ‘ 
to restrain trade and eliminate competition.” This 
presumably refers to the general practice of issu- 
ing a license to a manufacturer which permits him 
to apply that patent only to certain specified 
products. Presumably in the eyes of the Depart- 
ment of Justice this is an evil because it “restrains 
trade” and “restricts output.” 

As an example, let us assume that the Packard 
Motor Car Company or the Studebaker Corpora- 
tion invented a wonderful engine of extraordinary 
power and efficiency, and that patents were pro- 
cured. According to the viewpoint expressed 
above, it would be contrary to the public welfare 
if, in this assumed case, Packard or Studebaker 
were to license General Motors to manufacture 
these engines, but only for their application to air- 
craft, and definitely not for their application to 
passenger automobiles. It is readily apparent that 
probably the best procedure in this hypothetical 
ease would be for the owners of the patent not to 
license anyone as they would be inviting competi- 
tion in the application of this new engine to 
automobiles. Under such conditions the aircraft 
industry would be deprived of a far superior 
engine. 

Another fact which the Department of Justice 
apparently contends is an evil in restraint of trade 
and which eliminates competition is the issuance of 
patent licenses wherein limited production and 
quality are specified. Although at first glance it 
might appear to be contrary to the public welfare 
to limit production and quality on a patented 
product, there are instances on record wherein 


specified provisions covering production and qual- 
ity were incorporated in the licensing agreement 
to the undoubted benefit of public welfare. Re- 
gardless of the values and virtues of a new inven- 
tion, if the machine or device as manufactured is 
of inferior quality and workmanship, it will not 
find public acceptance. Therefore, it is often 
necessary for the inventor to incorporate in his 
license agreement certain provisions that will 
require the manufacturer to maintain or exceed a 
specified minimum standard of high quality. This 
serves to protect the public against inferior prod- 
ucts and the public is benefited accordingly. 

With reference to limitations on production, it 
is generally admitted that unbridled competition 
and production often ruins an industry. In the 
long run it may be to the public welfare for the 
owner of a patent to license certain manufacturers 
to make a limited number of units per year 
rather than giving a number of manufacturers 
unrestricted licenses. The government maintains 
that production control is desirable in agriculture. 

Other so-called evils frowned upon by the De- 
partment of Justice include the division of markets 
into exclusive geographical areas and the restric- 
tion of the use of the product to certain definite 
applications. 

It is generally feared that if the Department of 
Justice were to succeed in getting Congress to pass 
laws which will legally put an end to all the 
practices upon which it frowns, the term patent 
protection will have little or no significance or 
value. On the other hand, there is probably some 
room for improvement in the present laws. In 
order to inform the readers of PRODUCT ENGINEER- 
ING concerning the present status of patent laws and 
the proposed changes, we have commissioned Karl 
Fenning, the well-known Washington patent lawyer 
who was formerly Assistant Commissioner of 
Patents and is now editor of U. S. Patents 
Quarterly, to present the complete picture of the 
patent situation in PRopucT ENGINEERING. His 
first article, to appear in the February number will 
cover the present status of patent laws and his 
second article will discuss proposed changes. 












CHAIN DRIVE CALCULATIONS 


A New Design Analysis 


N the calculation of chain drives ac- 

cording to the method approved by 

the American Standards Association, 
it is assumed that when the chain links 
are in mesh with the rotating sprocket, 
the centrifugal force developed is trans- 
mitted throughout the length of the chain. 
Quoting from an article which appeared 
in the May, 1935 number of Propuct 
ENGINEERING: 

“Further in connection with chain 
speeds is the question of possible effects 
because of centrifugal force. The tension 
created by centrifugal force can be cal- 
culated by the equation: 


Chain Centrifugal Load = 
wt. per ft. of chain X V° 
115,900 


“This equation gives the load in 
pounds developed by the centrifugal 
Fig. 1—The centrifugal force developed is balanced by the com- 
ponents of the reactions of the teeth against the rollers. Each of 
the two teeth exerts a vertical force equal to one-half the cen- 
trifugal force 


Centrifugal force =P 


This tooth also 
exerts a reaction 
with vertical 
component equal 
i 
ło 7 ; 







Vertical component 


Tension in link ° 
transmitted to tooth ‘ 


of tooth reaction $ 


force at a chain velocity of V ft. per min., 
and this load must be added to the 
horsepower load, 

“The above equation may be recog- 
nized as being derived from the well- 
known formula for the stress created in 
a flywheel rim by centrifugal force. In 
this connection it is also interesting to 
consider the formula for the calculation 
of permissible load as approved by the 
American Standard Association, namely: 
2.600.000 A WV’ 


V + 600 ~ 115,900 


“In this equation T is given as the 
working load in pounds, Æ is the pro- 
jected pin bearing area in square inches, 
V is the chain velocity of feet per minute 
and W is the weight per foot of chain. ... 

“Centrifugal force is not a factor in 
establishing the rating of chain to be 
used because the published ratings (pub- 


against the teeth 





Fig. 2a—The upper sprocket is mounted en a shaft. 
sprocket has no shaft; it merely hangs in the chain. The weights 
simulate centrifugal forces and are balanced by the reactions 


lished by the chain manufacturers) in- 
clude allowances for centrifugal force. 
Therefore, centrifugal force should not 
be added to the calculated working load 
on either roller or silent chain. 

“For most high-speed applications a 
chain speed between 1,500 and 2,800 ft. 
per min. is the best, but much faster 
or slower drives can be designed to 
operate equally well.” 

In the May 1935 number of Propuct 
ENGINEERING the author referred to the 
“question of possible effect because of 
centrifugal force.” The inclusion of the 
word “possible” was perhaps more or 
less in the nature of an accident or 
merely a reflection of the ultra-conserv- 
ativeness of an engineer. But, regardless 
of any apologies or explanations, the fact 
now has been proved definitely that the 
centrifugal force developed when the 
chain is traveling through its arc of 
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contact with the sprocket wheel, is not 
transmitted to either of the straight por- 
tions. The centrifugal forces are prac- 
tically all transmitted to the teeth of the 
sprockets; the analogy between centrifu- 
gal forces developed in the rim of a fly- 
wheel and those developed in a chain, 
does not apply. This is not a mere theory, 
but is a fact that has been demonstrated 
by the engineers of the Morse Chain 
Company and is proved by not only 
logical analysis, but also by tests, ex- 
periments and the records of actual 
applications. 

The long-standing erroneous theory 
concerning the centrifugal force that is 
developed when a chain rotates with the 
sprocket wheel resulted from the as- 
sumption that the action is the same as 
that produced in the rotating rim of a 
flywheel or when a flat belt goes around 
a rotating pulley. Practically the only 
similarity between the rotating rim of 
the flywheel and a chain being carried 
around on its sprocket is that in both 
instances centrifugal forces must of 
necessity be created. However, the rim 
of a flywheel is held only by the radial 
spokes of the wheel and therefore the 
centrifugal forces must be transmitted 
through the rim to the spokes. But in 
the case of chains, the chain links are 


Fig. 2b—With three teeth on each side of the upper sprocket 
ground off, the tooth reactions do not balance the centrifugal 
forces. Hence a balancing pull of 5 Ib. plus the 1% Ib. weight 


of the scale is needed 
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held between the teeth of the sprocket. 
This results in an entirely different 
situation. 

In order to simplify the analysis of 
the action of centrifugal force on roller 
or silent chains, let it be assumed that 
a heavy weight is fastened to one of the 
links of the silent or roller chain and 
that the chain itself is weightless. A 
full explanation of what occurs is given 
in the diagrams shown in Fig. 1. As 
noted in the diagrams, practically none 
of the centrifugal force developed can 
be transmitted to the straight portion 
of the chain drive. The faces of the 
sprocket teeth react against the chain 
links with a force equal and opposite 
to the component of the centrifugal force 
lying in the direction of the chordal 
portion of the chain. 

The correctness of this theory is dem- 
onstrated by a model constructed by 
Mr. N. C. Bremer, chief engineer of the 
Morse Chain Company, and illustrated 
in Fig. 2. The caption and notation ex- 
plain the model. The theory is also 
proved by tests conducted at the Morse 
Chain Company plant and by drives that 
have been running two years or more. 

The tremendous significance of this 
discovery made by the engineers of the 
Morse Chain Company does not become 


trifugal load 


fully apparent until a complete analysis 
of its effects upon the calculation of the 
permissible working load has been 
made. Of course, the last term in the 
above erroneous formula, approved by 
the American Standards Association for 
calculating the permissible working load 
for chain drives should evidently be omit- 
ted for all speeds under all conditions, 
because centrifugal force does not add 
to the tension in the chain. This in- 
creases the value of T, the effective pull, 
as calculated by the American Stand- 
ards Association formula, by an amount 
equal to the pounds centrifugal force as 
calculated. But this is only one of the 
factors to be considered. Perhaps of 
greater importance is the fact that on 
the basis of this new and corrected de- 
sign method, much greater chain speeds 
are permissible. 

As was shown in Fig. 1, the centrifu- 
gal force developed must be transmitted 
through the chain links and thus to the 
working faces of the sprocket teeth. This 
fact establishes the limiting speed for 
chain drives. On this new basis of calcu- 
lation, the maximum chain speed will 
be that at which the centrifugal load 
developed equals the allowable chain 
pull. The allowable pull is usually taken 
as the tensile strength of the chain di- 


Fig. 2-—With 12 teeth of the upper sprocket ground off, it 
requires a total pull of 161% lb. to balance the centrifugal forces. 
With all teeth ground off, balancing force must equal total cen- 
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vided by a factor of safety of 20. For 
example. a l-inch pitch Morse silent 
chain l-inch wide, has a tensile strength 
of 15,000 Ib. and weighs 2 lb. per ft. 
Dividing the tensile strength of 15,000 
lb. by a factor of safety of 20 gives 750 
Ib. as the allowable centrifugal load. 
Using the equation given above: 
wv? 


716.000 = centrifugal load = 750 1b. 


For a value of W = 2 Ib. per ft., the 
value of V as obtained in this equation 
will be 6.600 ft. per min. On this basis, 
about 6,000 ft. per min. is the maximum 
permissible chain speed, although this 
figure will vary according to the weight 
per foot of chain and its tensile strength. 
The safe limiting speed for various chain 
drives is given in the accompanying 
chart. 

It will be observed that the centrifugal 
tension is not developed in the chain un- 
til the chain has wrapped on the 
sprocket. Also, the centrifugal tension 
in the chain disappears as the chain 
leaves the sprocket. And whatever cen- 
trifugal tension is developed in the chain 
is absorbed by the reaction of the 
sprocket teeth. Thus at the moment 
when there is rotation on the pin bear- 
ing, that is, when the link is going 
through the angle of swing or articula- 
tion which occurs when the link enters 
or leaves the sprocket, there is prac- 
tically no bearing pressure on the pin 
created by centrifugal force. Hence the 
centrifugal force has practically no 
effect either on joint wear or linkage 
fatigue. The significance of this is that 
increasing the chain speed up to the 


Fig. 3—Chart for calculating silent chain drives according to the 
American Standards Association method which is in error 
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limit as set forth above does not increase 
wear in the joints of the chain nor does 
it increase fatigue. 

On this new basis of design of chain 
drives, for a given number of revolu- 
tions per minute it is now perfectly 
proper to increase the number of teeth 
in the sprocket to a point where the 
chain speed is 4,000 to 5.000 ft. per min. 
instead of the previous conventional limit 
of about 2,000 ft. per min. But the 
greater the number of teeth in the 
sprocket, the less becomes the “angle 
of swing or articulation.” The smaller 
this angle is, the less becomes the im- 
pact developed when the chain teeth 
swing upon the sprocket or leave the 
sprocket, the smaller is the wear on the 
chain pins, the smoother is the running 
of the chain. Carrying the analysis still 
further, for a given horsepower the 
higher the chain speed the less will be 
the unit pressure on the projected area 
of the pins of the chain. For example, 
at 1,000 ft. per min. the allowable unit 
pressure on the projected area of the 
pins is 1,700 lb. per sq. in., while at 
2,000 ft. per min. chain speed, this allow- 
able unit pressure has not reduced to 
one-half, but rather only to 1,000 Ib. 
per sq. in. Of course, these figures for 
allowable unit pressure on the projected 
pin-bearing are empirical, but are based 
on experimental results. 

In order to illustrate the great sig- 
nificance of this new and proved method 
for calculating chain drives, comparative 
results as obtained by the old method 
and the new method will be illustrated. 
On page 219 of the June 1935 number 
of Propuct ENGINEERING appears the 
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‘Horsepower | 
+ Ratings for! 
[Silent Chain | 


horsepower rating chart for Morse Silent 
Chain one inch wide. This chart, of 
course, assumes that the centrifugal force 
developed is transmitted throughout the 
length of the chain. 

According to this chart, Fig. 3, a l-in. 
pitch chain, one inch wide running on 
a 19 tooth sprocket at 1,000 r.p.m. can 
transmit 12.6 hp. The angle of articula- 
tion will be 19 degrees. 

In Fig. 4 is shown the new chart for 
the calculation of silent chain drives. 
This chart has been calculated on the 
basis that the centrifugal force devel- 
oped when the chain runs around on 
the sprocket is not transmitted to the 
straight or load carrying portion of the 
chain. According to this chart a one- 
inch pitch silent chain, one-inch wide, 
running over a 55 tooth sprocket at 
1,000 r.p.m., at a chain speed of 4,583 
ft. per min., can transmit 42 hp. The 
angle of articulation will be 6% deg. 
or about 1/3 of that for the 19-tooth 
sprocket. 

It will be observed that the increased 
chain speed is entirely the result of 
using a. greater number of sprocket 
teeth. This in turn decreases the angle 
of articulation to about 1/3, which re- 
sults in a corresponding decrease in 
impact, less wear on the pin bearings 
of the chain, smoother action and prac- 
tically the elimination of noise. In other 
words, the advantages of the greater 
number of sprocket teeth is cumulative 
not only because the higher chain speed 
means a lesser chain pull required to 
transmit the same horsepower, but also 
because the running conditions, with 
reference to impact, and noise, are cor- 


Fig 4—New chart for silent chain drives, based on centrifugal 
force being balanced by the tooth reactions 
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Fig. 5—If centrifugal force were transmitted throughout, this 
chain running 5,000 ft. per min. would fly off the sprocket 


respondingly improved. And the horse- 
power transmitted has been increased 
from 12.5 hp. to 42 hp., the chain pitch 
and width being the same. 

So startling are the results of the 
application of this new method for the 
design of chain drives that the engi- 
neers of the Morse Chain Company hesi- 
tated to announce it until the validity 
of this analysis had been proved by long 
time service in actual applications in 
addition to searching laboratory tests. 

A number of long-time laboratory 
tests were made. In one of these a 50 
hp. d.c. motor drove a generator at 1,670 
r.p.m. The number of teeth in the driver 
sprocket was 93 and the number of 
teeth in the driven was 65, giving a 
chain speed of 5,650 ft. per min. and a 
working load on the chain of 300 lb. 
The silent chain was 54 in. in pitch by 
l in. wide and according to calculations 
developed a centrifugal tension of 345 
lb. This drive has been running 8 hr. 
per day for 19 months at the end of 
which time the chain was remeasured 
and showed a chain wear of only 0.00055 
in. per pitch. The soft iron sprockets 
showed only slight wear. If the sprockets 
had been flame hardened Meehanite the 
wear would have been practically zero. 

Among the industrial applications is 
a 60-hp. diesel engine running at 1,500 
r.p.m. driving a hammer mill at 3,200 
r.p.m. The driving pinion had 71 teeth 
and the driven sprocket on the hammer 
mill, 33 teeth. Chain speed is 4,440 ft. 
per min. and the working load is 450 
lb., chain pitch is ¥% in. After five 
months operation at 20 hr. per day the 
chain and sprocket were still in excellent 
condition and no adjustment of the cen- 
ters was necessary. 

Among many other installations are 
40, 50 and 120 hp. drives operating at 
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chain speeds ranging from 4,000 to 5,000 
ft. per min. In every instance these 
drives have not only operated success- 
fully, but have shown no appreciable 
wear after months of service. 

A number of factors must be observed 
in the design of these high speed chain 
drives. The recommended pinion sizes 
for different speed ratios are given in 
the following table: 


1 to 1 speed ratio—65 teeth 
2 to 1 speed ratio—50 teeth 
3 to 1 speed ratio—43 teeth 
4 to 1 speed ratio—35 teeth 


For 1 to 1 speed ratio, a chain speed 
of 5,500 ft. per min. should be aimed 
at, this chain speed being slightly re- 
duced as the speed ratio increases. For 
a 4 to 1 speed ratio a chain speed of 
4,500 ft. per min. is recommended. The 
practical limitation that is imposed by 
the high-speed chain drive is the fact 
that when the speed ratio gets too large 
the sprockets become too large, and the 
chain speed should not exceed 5,500 ft. 
per min., although drives at 6,000 ft. 
per min. have operated successfully. 

The minimum number of teeth to be 
used in high-speed chain drives is gen- 
erally taken as 35 teeth and the pitch 
of the drive is selected so as to give 
the desired feet per minute chain veloc- 
ity. That is, the pitch is determined by 
the r.p.m. of the lower-speed shaft. For 
silent chain drives, the necessary width 
of the chain is calculated after the pitch 
has been selected. In the case of roller 
chains, multiple strands are used, as 
may be required. 

With reference to the efficiency, the 
only appreciable losses in these bigh 
speed chain drives are the windage 
losses. Long time tests on drives with 17 
tooth sprockets have given overall effi- 





Fig. 6—This drive in the Morse Chain Co. laboratory has been 
running under load at 5,000 ft. per min. for more than two years 


ciencies of 98.6 per cent, these effi- 
ciencies including the bearing losses. 
The same drive with 53 tooth sprocket 
gave an over all efficiency as high as 99.4 
per cent. 

In the installation of high speed silent 
or roller chain drives the chain is in- 
stalled with a minimum of operating 
slack. It is customary to install so that 
with the drive stationary, both strands 
of the chain are fairly taut. When the 
drive is operating the normal chain elas- 
ticity will assure proper slack on the 
unloaded side. 

For best lubrication an automatic 
pump is used, although many drives 
give satisfactory service when the lower 
side of the chain or the lowest point in 
the chain drive runs through oil, the 
level of the oil in the case coming just 
high enough to touch the chain. S.A.E. 
20 or S.A.E. 30 oil can be used, but 
whatever oil is used must be a light oil 
and one that will by capillary actior 
penetrate to the pin bearing areas. 

To minimize wear on the teeth Mee- 
hanite flame-hardened sprockets are 
used. It has been found by experience 
that with such sprockets the wear on the 
sprocket teeth is negligible. 

Although the above discussion has 
been confined mainly to silent chain 
drives, the same design procedure ap- 
plies to roller chain drives. The revised 
chart for the capacity of Morse roller 
chain drives is shown in the accompany- 
ing figures, these capacity curves being 
constructed in the same manner as those 
for the silent chain drives. The only dif- 
ference in the application of these roller 
chain curves is that multi-strand roller 
chain is used, whereas in the case of 
silent chain drives, the width of the 
chain is selected to give the horsepower 
capacity desired. 
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Revolving Table in Horizontal Boring Machine 


7 


headstock and its 


Peg 


counterweight inside column. 
(In some machines roller 

chain ond sprockets are used 
instead of cable and sheaves ) 


Beds, columns, tables and sad- 
dies in this Giddings & Lewis machine 
are of close grain iron alloy of about 


15.000 lb. per sq.in. tensile strength. 


led high- speed spin i 


hs 


Two Nitralloy spindles are used in 
headstock, the larger for speeds up to 
150 r.p.m., the smaller for speeds up to 
1.500 r.p.m. On the larger, sleeves and 
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Revolving table 


Graduations 


SIDDINGS & LEWIS 


Headstock is lubricated by built-in gear 
pump which cascades oil over moving 
parts. Gears in bed and in table-drive- 
unit are lubricated by splash system. 


HB bah spindle drive gears 


bearings can be de-clutched to eliminate 
fly-wheel effect on the small spindle. 
Spindles are driven through heat-treated, 
alloy-steel, drop-forged gears. Main 


Flexible metal hose 
for coolant 


Bijur force-feed system meters filtered 
oil to table and saddle ways. Bearings on 
counterbalance sheaves and headstock- 
drive shaft are grease-cup lubricated. 


ITRE 
Nitrided /ow speed sp 


Feed rack driven by 
bevel gears and pink 


spindle bushings are hardened S.A.E. 
52100; main spindle sleeve is a heat- 
treated, nickel-alloy forging. Both spin- 
dles are mounted in preloaded bearings. 
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High-speed 
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reverse lever 
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All gear train movements are controlled by levers cen- Standard, constant-speed motor mounted on a hinged 

trally located at front of machine. Those controlling spindle bracket on end of machine drives gear trains through Tex-rope 

feed, table, saddle and headstock are arranged to move in same drive. Power is transmitted to headstock through vertical 
f direction as the desired motion of the part being moved. No splined shaft which is of ground, high-carbon steel. Short spline 
| keys are used, all shafts and clutches being splined. shafts are heat-treated alloy steel. 
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Spindle rotation is reversed by unit 18 independent milling feeds to table, Ram safety device. Last tooth in spin- 
located in bed of machine and carrying saddle and headstock; 18 independent dle ram, held in place by spring, acts as 
two Twin-Disc clutch units. Separate feeds to either spindle. Gears are heat- ratchet. When bevel gear driven pinion 
gear trains provide 36 spindle speeds; treated, chrome-moly steel. strikes it, tooth moves and ram stops. 
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MODERN DESIGNS — New Trends in Heating Equipment 





Pre - fabricated wiring harness, 
which reduces labor cost in installation 
materially, is standard on the new 
Schwitzer-Cummins warm air furnaces. 
Panel is furnished complete with con- 





Mounted on hard rubber casters, 
the Murray stoker can be wheeled from 
furnace to bin for refilling. Plugging-in 
to electrical outlet is the only installa- 
tion required. Height can be adjusted 
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Thermostat 


trols wired at factory for oil, gas or coal- 
firing; the only installation required is 
to fasten the rubber molding around 
control box over six grommets and con- 
nect the proper wires to supply line 


Automatic 
fuel control 


to fit furnace door; stroke can be ad- 
justed to suit firepot diameters from 16 
to 34 in. Automatic fuel control has a 
mercury switch which closes motor cir- 
cuit to start injector when control arm 


Gear’ 
reduction 









and thermostat. Furnace is of forced, 
warm-air type. Heat exchanger is heavy- 
gage steel, welded. Seven-gage steel is 
used in the combustion chamber, ten- 
gage in radiator section. 


‘Endless chain 


8 I FAp, 0V,AC 
S motor 


drops as fuel changes to ash. Base, body 
and hopper are steel stampings. Injec- 
tor drive consists of a 1/6 hp. rubber- 
mounted motor, self-lubricated gear re- 
duction unit and hardened roller chain. 
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Non-Pulsating Aircraft Fuel Pumps 





One-piece vanes pass through accu- 
rately machined slots in a rotor mounted 
off-center within a special-shaped bore 


in the new line of Romec vane-type, 
rotary, positive-displacement pumps. No 
springs or pins are required to main- 
tain a smooth-running fit with the pump 
liner since vanes have a groove machined 


Ba 


Coupling to 
engine---- 


in their ends into which packing strips 
are placed to form an effective seal with 
liner and to automatically take up wear. 


The bypass and relief valve maintains 
closely regulated pressure to the car- 


buretor under variable operating condi- 
tions. Provision has been made to com- 
pensate for super-charger installations 











bypass valve ------~ 


PERFORMANCE OF 330 G.P.H. PUMPS 


fanced 






in which fuel pressure must be increased 
exactly in accordance with the increase 
in air pressure to the carburetor. Valve 
is a sealed piston type. The new line 
of Romec aircraft pumps consists of 
three 150, 350 g.p.h., and 640 
g.p.h. Performance curves shown below 
are characteristic for stock units. 
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MODERN DESIGNS — Variable-Speed Hydraulic Coupling 





Variable speed output is obtained 
in this American Blower coupling by 
use of a pivoted scoop tube mounted 
eccentrically on the stationary manifold. 
With the coupling rotating, centrifugal 


Control lever. 


force holds the oil in the outer reservoir 
in an annular ring against the rim. With 
the scoop tube in its outermost posi- 
tion practically all oil is delivered into 
the working circuit; at fully retracted 


Adjustable scoop tube 


Runner. 


Rotating oil reservoir 






impeller 
| M 7 
N ounting 
N Aub 






Va: 


Spherical roller 
bearing 


position no power is transmitted. Varia- 
tion of the amount of oil delivered to 
working circuit varies output. For fur- 
ther data on fluid couplings see P.E. 
pages 96, 466, 524, 1939. 


Streamlined Housing for Compact Agitator Drive 


k ALELA 
motor. Motor 
mounts directly 
ae em EY] 


Redesign of housing not only im- 
proved appearance in this Patterson 
agitator drive but also permitted use 
of an independent oil reservoir and 
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Bayonet type 
EORI 


change from immersion to spray lubri- 
cation, thus eliminating considerable 
fluid friction and decreasing the possi- 
bility of oil leakage around the output 


Oa UA 
=~ 
te CRMC, 


mand ground 





shaft. Increased thrust capacity for the 
guide bearing was obtained by rede- 
signing housing and using a heavy-duty 
ball bearing instead of an oilless type. 
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Two balanced gangs of triangular 
sectors act as crushers in the Stephens- 
Adamson Knittel ring-type crusher. The 
sectors are held in position by centrifu- 
gal force and are free to recoil under 
impact with foreign material. Centrifu- 
gal action presents the heaviest and least- 
worn face for crushing duty and equal- 
izes wear on sectors. Balanced rotor 
and heavy flywheel decrease vibration. 
Sectors, breaker plates and sizing grate 
are manganese steel castings; shafts 
are chrome-nickel steel supported in SKF 
double-row self-aligning bearings fitted 
with dust seals. 

A series of steel apron fingers, each 
operating independently, ejects foreign 
metal fragments and uncrushable mate- 
rial without stopping crusher. 


Manganese stee/ 
triangular sectors 


Cast stee/ Cast stee/ 
! end disk 
be ` 

I 


Hole for removing 
sector shaft 


Cast iron \ 
fly whee/ \ 
/ 


n 


Assembly 





White iron liner 


, Steel housing 


4 
4 


/Self-aligning 
double row 
anti-friction 
bearing 


stee/ rotor 
shaft 


Chrome -nickel 
steel sector 
shaft 





of sealed-beam head- 


P 
Manganese stee/ i 
triangular sectors Compression 
ff spring 


4 


4 47 / 
# Manganese stee/ 7 / Stee/ apron / 


breaker plate A / ý ange Adjustable 


finger-stop 


Counter weight 
Cast stee/ 
apron fingers 


Steel apron 
frame l-piece 
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lamp to fender in General Motors and 
Chrysler cars is by U-shaped Speed Nut 
fasteners. Nuts require no holding or 
positioning, can be snapped in place 
before painting, and do not loosen from 
vibration. [left] 


Advaneed constructional features 
in the Skilsaw Zephyrplane sander in- 
clude die-castings, forgings, molded 
parts, ball bearings, oilless bearings. 
silent chain drive. Housing is aluminum 
alloy, die-cast. Die-cast idler runs in 
Oilite bearings mounted in a forged steel 
yoke. Driver pulley is molded with soft 
rubber outside layer and hard rubber 
core. Power is transmitted from the uni- 
versal motor through worm gears and a 
3/16-in. Link-Belt silent chain. [right] 
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Alloy materials are used extensively 
in Pomona Little Chief pumps. Motor 
head and pump bowls are cast from an 
alloy iron, column pipe is copper-bear- 
ing steel, drive shaft is high-strength 
steel fitted with stainless steel bearing 
sleeves, strainer is galvanized cast iron. 
Bearing retainer and impellers are 
bronze. Water-lubricated rubber bear- 
ings in stainless steel bearing sleeves 
support shaft at 5 ft. intervals. 
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Portable electrie glass - washer 
unit, designed by Olson Manufacturing 
Company, is powered by a 1/10 hp., 
split-phase, Bodine ball-bearing motor 





Switch mounted on welding tongs 
controls low-voltage relay circuit through 
auxiliary cable in the Sterling G-R re- 
mote control system. Relays mounted in a 
ventilated closure on top of the welding 
set control a reversible motor which 
drives the current-regulating mechanism 








3 outside brushes Center brush 


. 3 rubber fins 
"3 stee/ fin strips 
Scenter bristle 
brushes 
Brush stem-/ 
Rubber guard ring 
‘\. +-Brush chamber cover 
rn Brush 


chamber 


Jacket 


Bronze tube 
and gear 
shaft 













bushing for 
drive shaft. 


fiber gear. 






Intake ` A 
casting `n e aoe 
rza " 








Srubber LOSH hub 
feet ny È 
/mpeller ee, 

Bronze impeller housing Bronze base plate 


Bronze gear housing 


which drives brushes through laminated, 
water-lubricated gears. Parts which are 
subject to corrosion are stainless steel; 
other parts are nickel-plated bronze. 


BORE SEE o RRR eee 


I a EO cam Tm 


through a standard gear reduction unit. 
An additional switch is provided at the 
welding set. The remote control system 
permits current regulation without break- 
ing the arc and gives the welder con- 
stant control of welding regardless of the 
distance between the set and operator. 
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DRUM AND SHEAVE DESIGN 


Effect of Diameter Ratio Factors on Life of Wire Ropes 


ROBLEMS involving the design 

of sheaves and drums fall into two 

classes: those in which dimensions 
are severely limited by the nature of 
the machine; and those in which some 
latitude is allowed in sheave and drum 
diameters. 

In the former class fall such devices 
as drums on pavers and cranes, tackle 
blocks, and the closing sheaves of clam- 
shell buckets. The latter class includes 
drums and headframe sheaves for mine 
shaft and skip hoists, elevator drums 
and sheaves, and other sheave and drum 
applications where clearances are not 
highly restricted. 

When a wire rope operates over a 
sheave or drum, bending stresses are 
introduced into the individual wires of 
the rope because of the flexing that 
occurs. As an element of the rope passes 
onto the sheave, the rope at this point 
changes from a straight line to an arc 
of a circle, and the bending stresses 
caused by this change depend on the 
flexibility of the rope and the diameter 
of the sheave which determines the 
amount of bending. When the same ele- 
ment of rope passes off the sheave, it 
changes in shape from an arc to a 
straight line, and in doing so it relieves 
the bending stresses. These bending 
stresses are added to the stresses caused 
by the load, and hence their effect is 
to increase the total stress in the rope 
wires at each point of bend. Hence, the 
total stress in each element of the rope 
changes as the element passes onto a 
sheave and again as it passes off. 

This frequent change in stress in work- 
ing ropes causes an embrittlement of 
the metal which is known as fatigue. 
Fatigue makes its appearance in the 
form of minute cracks which soon spread 
across the wire section, causing a break 
in the wire. Fatigue is hastened by large 
changes in stress and by the frequency 
with which those changes occur. The 
material of which the wire is made also 
has a bearing on fatigue, since some 
metals fatigue more rapidly than others. 
Also preformed rope is more resistant 
to fatigue than non-preformed, and 
therefore where fatigue is an important 
factor is often specified. 

Deterioration of ropes by drums and 
sheaves is almost entirely caused by 
fatigue, the factor of wear being rela- 
tively unimportant if the sheaves and 
drums are properly designed and placed 
in proper relation with one another. 
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Since the wire rope consists of sev- 
eral strands twisted around a core, and 
each strand consists of several wires 
twisted together, it presents a complex 
mechanism that does not allow of the 
simple stress calculations that can be 
applied to solid constructions such as 
I-beams and rods. 

Wire ropes having many small wires 
are more flexible than those having a few 
large wires, and the maximum stresses 
introduced by a given flexure are 
smaller. Also, when the individual wires 
and strands of a rope are formed pre- 
cisely to their final shape in the manu- 
facture of the rope, and therefore lie 
dormant, as in preformed rope, the in- 
dividual wires do not press outward on 
one another, and friction between wires 
is lessened, with the result that such 
rope is more flexible and the maximum 
bending stresses are less. 

To guard against fatigue in ropes, 
the bending stresses must be kept down. 
Therefore, with sheaves of small di- 
ameter, highly flexible rope should be 
used. If ropes consisting of a few large 
wires are used, such as 6x7 construc- 
tion (6 strands of 7 wires each), sheaves 
and drums of relatively large diameters 
must be resorted to. The maximum bend- 
ing stress is proportional to the rope 
diameter and approximately inversely 
proportional to the sheave or drum 





Table I—Average Sheave and 
Drum Diameters for Operat- 
ing Ropes 





For 6x 7 rope, 72 times rope diam. 
For 6x19 rope, 45 times rope diam. 
For 6x37 rope, 27 times rope diam. 
For 8x19 rope, 31 times rope diam. 


For standing ropes, the above diameters 
can be almost cut in half. 








Table II—Minimum Sheave 
and Drum Diameters for 
Operating Ropes 





For 6x 7 rope, 42 times rope diam. 
For 6x19 rope, 30 times rope diam. 
For 6x37 rope, 18 times rope diam. 
For 8x19 rope, 21 times rope diam. 


diameter. Therefore, for any given con- 
struction of rope, the greater the value 
of D/d (tread diameter of sheave di- 
vided by diameter of rope), the smaller 
will be the bending stress and the 
slower will be the development of fatigue. 

Consider a problem involving the 
moving of a certain load by means of a 
single rope. The resistance to the pull 
or lift created by the dead weight of 
the load and rope, together with the 
load represented by the acceleration and 
friction, produce in the rope a certain 
amount of tension. By multiplying this 
tension by the factor of safety (never 
less than 5 for working ropes), the mini- 
mum allowable breaking strength of the 
rope is obtained. By referring to tables 
published by wire rope manufacturers 
which give the breaking strength of 
ropes, the size of rope can be determined. 

Knowing the diameter of the rope, 
and its construction and material, calcu- 
lations can be made to determine the 
most desirable diameter of the drum and 
sheaves. Before doing so, however, it is 
well to point out the controversial nature 
of this subject. Although wire-rope man- 
ufacturers are generally in agreement 
on recommended sheave and drum di- 
ameters, yet some manufacturers of 
rope-using equipment claim that these 
recommended diameters would be im- 
practicable because of space limitations 
and considerations of weight. 

The respective merits of both sides 
of this controversy will not be gone into 
here, other than to point out that rope 
manufacturers, though adhering to their 
original position, point out that smaller 
drums or sheaves may at times be jus- 
tified even at the expense of lessened 
rope life; and the manufacturers of 
rope-using equipment now recognize 
that until the “perfect” rope is produced, 
combining the qualities of strength and 
flexibility with resistance to fatigue and 
abrasion, the only practical solution to 
the problem of rope deterioration are 
sheaves and drums that do not introduce 
high bending stresses in the rope. 

Drum and sheave design problems 
may seem simple to the uninitiated, but 
at best they are complicated by various 
factors. The determination of sheave 
and drum diameter is, in the final an- 
alysis, a matter of balancing rope sav- 
ings against other economies. A change 
from small to large diameters for head- 
frame sheaves will save more dollars in 
rope than a similar change in an appli- 
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cation such as equalizing sheaves on 
cranes, because the headframe sheave 
introduces large bending stresses of an 
alternating character into the rope 
throughout most of its length, and hence 
fatigue breaks soon occur in the wires 
with consequent discarding of the entire 
rope, while in the case of the equalizing 
' sheave on a shop crane the movement 
of the rope over the sheave is very slight 
and hence the fatiguing action is slow 
and rope life is comparatively long. 
Therefore, the cost of large sheaves 
may be justified in the headframe, but 
not in the crane equalizing sheave. 

Another problem in economics, but of 
a different nature, is the case of sheaves 
over which is operated only a small 
section of rope located near the end, such 
as the sheaves on the closing mechanism 
of a clamshell bucket. Though these 
sheaves are necessarily of small diame- 
ter because of space limitations, yet if 
large sheaves were practicable they 
would scarcely be justified because the 
practice of cutting off the damaged 
end of the rope at frequent intervals, 
and compensating by letting out more 
rope at the drum end, results in only 
a small waste compared to discarding 
the entire rope. 

Though mention has been made of 
the fatiguing action to wire rope caused 
by bending stresses when passing over 
sheaves and drums, one must not over- 
look the fact that fatigue in ropes is 
also frequently caused by vibration and 
whipping. Fatigue breaks in the indi- 
vidual wires of ropes are especially apt 
to occur near the shackled ends, and is 
accellerated by improper shackling. It 
is poor economy to try to eliminate all 
fatigue at the sheaves if at the same time 
severe fatiguing action is being set up 
elsewhere. 

The impossibility of setting up uni- 
versal standards for sheave and drum 
diameters becomes at once apparent. 
Representative averages based on drum 
and sheave sizes being used on eleva- 
tors, dredges, derricks, cranes, mine 
hoists, and certain other equipment are 
given in Table I, while Table II gives 
diameters below which rope operation 
will generally be found unsatisfactory 
because of the greatly shortened life of 
the rope. Since the figures given in 
Tables I and II are based on average 
data, they should not be used uncom- 
promisingly in design, but should serve 
only as a guide. 

The sliding of the strands of a wire 





Table I1]—Critical Diameters 
for Sheaves and Drums 





CRITICAL 


RopE CONSTRUCTION DIAMETER 





n r ar cece 28 X rope diam. 
re 20 X rope diam. 
6x19 Warrington....... 16 X rope diam. 
6x19 Filler Wire. ...... 16 X rope diam. 
| Ree er er re 14 X rope diam. 
8x19 Warrington. ... 14 X rope diam. 
a a e aa 16 X rope diam. 
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rope over each other accounts for the 
flexibility of the rope and for its ability 
to handle heavy loads in severe service. 
There is a certain minimum bending 
radius below which the strands of a 
rope clamp each other in a_vise-like 
action, causing the strands to lose their 
independence of motion. This diameter, 
known as the critical diameter, marks 
the sheave size below which the rope 
strands cannot slide past each other to 
adjust themselves to the bend, and con- 
sequently constructional restrictions are 
set up in the rope, resulting in excessive 
internal stresses. Ropes operating over 
sheaves of such small diameters go to 
pieces quickly. Table III give these 
critical diameters. 

Now consider the situation where the 
sheaves and drums are so limited in 
size by unavoidable restrictions that the 
only possibility to reduce rope fatigue 
lies in reducing the size of the rope or 
changing its construction. Rope size can 
be reduced by using sheaves or tackle 
blocks at some fixed point and at the 
load, and reeving the rope through these 
sheaves or blocks in several parts. This 
greatly decreases the lead line pull, not 
exactly in proportion to the number of 
rope parts, but in accordance with the 
factors given in Table IV, which also 
gives efficiency of tackle equipment. 

While the smaller tension in the lead 
line allows a reduction in the size of 
the rope, one must not overlook the fact 
that the length of rope wound onto the 
drum during a complete lifting cycle is 
proportional to the number of rope parts, 
and the speed of the rope is equal to 
the speed at which the load is handled, 
multiplied py the number of rope parts. 
Therefore, the drum capacity must be 
increased to take care of the increased 
length of rope; and, to maintain the 


same rate of load travel, the peripheral 
speed of the drum increased in like 
proportion. 

Another solution to the problem is to 
omit the tackle blocks and to employ 
two or more ropes in parallel, each 
attached to the load independently of 
the other ropes, or through equalizing 
bars or equalizing sheaves. The rope 
speed, then, is the same as with a single 
rope, but the rope diameter is de- 
creased and the drum capacity increased 
as in the example where tackle blocks 
were considered. 

The material used for sheave and drum 
treads has an important bearing on the 
service obtained from the rope as well 
as from the sheaves and drums. Where 

P = unit pressure of the rope on the 

drum or sheave, in lb. per sq.in. 

T = rope tension, in lb. 

d and D = diameters, in in., of rope 

and drum, respectively 
the maximum unit radial pressures of 
the rope on the drum or sheave can be 
determined from P = 2T /dD. 

By comparing the value of P, as ob- 
tained above, with the safe unit bearing 
pressures on various materials in sheaves 
and drums as given in Table V, a 
material can be selected that will safely 
stand the unit bearing working pressure. 

Where sheaves or multiple U-grooved 
wheels or drums are employed to develop 
a tractive force, as in traction elevators 
and endless drives, consideration must 
be given to the number of laps, or half 
laps, required to develop the necessary 
traction without slippage. 

If T, is the tension in the tight side 
of the rope, in lb., and T, is the tension 
in the loose side, in lb., then the ratio 
T,/T. is expressed as 7,/T, = 68 
where ¢ = base of the Napierian sys- 
tem of logarithms = 2.718282+; » = 
coefficient of friction of rope in groove 
(see Table VI); and 0 = arc of con- 
tact of the rope with the sheave, ex- 
pressed in radians. 

It is evident from the foregoing for- 
mula that the diameter of the sheaves or 
wheels has no effect on the tractive 
power of the rope, unless it affects the 
arc of contact, which is seldom the con- 
dition. 

To facilitate calculations by the fore- 
going formula, in cases where ĝ is equiv- 
alent to 180 deg. or a half lap, the values 
in Table VII will be found useful. 

Where a greater tractive force than 
that given by a wire rope operating in a 
U-groove is desired, the V-groove may 


Table IV—Lead Line Pull Factors and Efficiencies for Hoist or Fall Ropes 


NUMBER OF PARTS OF ROPE 
Efficiency, %..... es ts 
Lead line pull factor, %. .. 


3 4 5 6 
92.45 88.89 86.48 
0 36.05 28.12 23.39 


The stress in the lead line equals the load multiplied by the lead line pull factor. 


82.19 


20.27 


T 8 9 10 
79.03 75.99 73.06 70.25 
18.07 16.45 15.21 14.23 
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Table V—Safe Unit Bearing Pressures of Ropes on Various Materials in Sheaves 


Pounds per square inch 





REGULAR Lay Rope 


Lane Lay Rope 





8x19 6x7 





6x7 6x19 6x37 6x19 6x37 REMARKS 

RM gdiniias canadien cea 150 250 300 350 165 275 330 On end of grain of beech, hickory, gum 

Cast Iron TA i 300 500 600 700 350 550 660 Average Brinell hardness of 160 

Carbon Steel Casting...... 550 900 1,075 1,250 600 1,000 1,180 0.30—0.40 carbon: average Brinell hard- 
ness of 160 

Chilled Cast Iron. ........ 650 1,100 1,325 1,550 715 1,210 1,450 Not advised unless surface is uniform 
in hardness 

Manganese Steel.......... , 900 2,500 3,000 3,500 1,650 2,750 3,300 Grooves must be ground and sheaves 


balanced for high-speed service 





be used, having sloping sides that form 
an included angle between 30 and 45 
deg. If this included angle be designated 
by , then the relation of T, to T. 
becomes 7,/T, = ¢* where 


of contact between the rope and the 
sheave should not be so small that the 
friction developed is not sufficient to 
overcome the inertia of the sheave, with 
the result that acceleration and decel- 
“a eration may cause a slipping of the 
rope along the sheave groove, thus caus- 
ing wear of both the rope and sheave. 
Friction between rope and sheave 
can be increased by shifting the posi- 
tion of the sheave so as to increase the 





sin 1 ġ 


A rope operating in a V-groove should 
be of a softer material than that of 
which the groove is made; otherwise 
the rope will wear a seat in the groove, angle of contact of the rope with the 
thereby reducing the pinching action sheave. Otherwise, it will be necessary 
of the groove and nullifying its effect. to resort to a smaller sheave or one 

With free-running sheaves, the arc made of a lighter material. 





Table VI—Coefficient of Friction + for Ropes Operating on 
U-Grooves of Various Materials 





RUBBER OR LEATHER 




















CONDITION oF ROPE [RON OR STEEL Woop LINING 
Be he a a 0.170 0.235 0.495 
Mee oe a A 0.085 0.170 0.400 
MINN icon a 0.070 0.140 0.205 
Table VII—Values of <“’ for Multiples of 180 deg. 
NuMBER oF Hatr Laps ABout WHEELS 
VALUE OF u 1 2 3 4 5 6 
0.070 1.246 1.552 1.934 2.410 3.003 3.741 
0.085 1.306 1.706 2.228 2.910 3.801 4.964 
0.140 1.552 2.410 3.741 5.808 9.017 13.998 
0.170 1.706 2.910 1.964 8.467 14.445 24.641 
0.235 2.092 4.378 9.160 19.166 40.100 83.902 





Table VIII—Proper Groove Diameters 





TOLERANCE OF GROOVE DIAMETERS 





NomInaL DIAMETER OF Rope MINIMUM MAXIMUM 





1 in. and smaller............ + 4; in. + 35 in. 
WM EN ig gk cs diev uae cedels +; in + in. 
OS eee ere +; in. +% in. 
Se aaa a na hindi +1 in. +14 in. 
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Wherever possible, sheaves and drums 
should be so positioned as to avoid 
reverse bends, since a reverse bending 
action is very favorable to the develop- 
ment of fatigue and is therefore highly 
destructive to ropes. If a reverse bend 
cannot be avoided, the sheaves should 
be a considerable distance apart, allow- 
ing a long length of rope between adja- 
cent bends, and the sheave diameters 
should be increased if possible. Such 
measures will counteract much of the 
destructive action of reverse bending. 

Sheaves should be mounted in perfect 
alignment; otherwise, excessive wear of 
both rope and sheave will occur. The 
lead from a sheave to a winding drum 
should be as long as practicable in 
order to keep the fleet angle small, 
thereby preventing rubbing of the rope 
on the sides of the sheave groove. A 
large fleet angle also often results in 
uneven winding and piling of the rope 
on the drum. Where space permits, a 
lead of 40 ft. per foot of drum fleet 
is desirable. 

The design of the grooves in drums 
and sheaves is important. The size and 
contour of the groove may affect greatly 
the life of the rope. Good design de- 
mands that the grooves be slightly over- 
size compared with the diameter of the 
rope, and yet not so large as materially 
to reduce the bearing surface of the 
rope on the groove throat. In grooving 
a drum or sheave, one should keep in 
mind that the diameter of a rope is 
slightly larger when new than its nom- 
inal diameter. If groove diameters are 
machined equal only to the nominal 
diameter of the rope. the rope will be 
pinched by the sides of the groove un- 
til it has had time to seat itself by 
wearing the groove. Pinching caused 
by small grooves is highly destructive 
to rope. 

In Table VIII is given the tolerance of 
groove diameters for the complete range 
of rope sizes. Grooves made according 
to these specifications will allow ropes 
to work freely, even though the ropes 
be slightly oversize in accordance with 
manufacturing tolerances. 




















MPORTANT factors to be consid- 
ered in the design of small bimetal 
electrical mechanisms include con- 
tact action, reduction of friction, sensi- 
tivity and ease of adjustment. Electrical 
considerations such as choice of proper 
contact material and size of contacts to 
be used will not be discussed in this 
article. The mechanical problems in ob- 
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REDUCE BIMETAL"CREEP" 











Two separate but interdependent 
mechanisms comprising a thermal 
operating unit and a contact operating 
mechanism. Thermal operating unit con- 
sists of the bimetal and cooperating over- 
center biasing spring assembly, which 
operates interdependently of the contact 
operating mechanism, and permits the 
building up and storing of energy prior 
to contact operation. This establishes 
positive switching action and prevents 
any creep of the thermal operating mech- 
anism from affecting the contact operat- 
ing mechanism. 

Contact operating mechanism consists 
of a contact arm and a separate and in- 
dependent over-center spring. Contact 
arm is supported and independently 
biased by its over-center spring equally 
into its open and closed positions, thus 
maintaining separate and independent 
minimum pressure at point of thermostat 
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“ snapping spring 
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Stationary contact 


TWO OPERATING MECHANISMS 


E. K. CLARK 


taining efficient contact action involve 
the use of reasonably high contact pres- 
sures and the design of a mechanism 
to store up the energy required for snap- 
action. This is generally accomplished 
with some sort of spring; if spring pres- 
sure is insufficient, arcing and pitting of 
contacts may result and positive action 
may not be obtained. Sensitivity can be 
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THERMOSTAT DESIGN 
Improved Mechanisms Increase Operating Efficiency 


Westinghouse Electric & Manufacturing Company 


increased and operation errors minimized 
by reduction of the number of pivots 
and fulcrums with their attendant fric- 
tion. In the following examples, the four 
mechanical improvements _ illustrated 
schematically show methods used to ob- 
tain more positive action, reduce friction, 
increase sensitivity and to provide for 
easier adjustment. 

















‘SR Vd frame 
of thermostat 


Flexed lead spring in 
compression providing 
over center toggle 

action without friction 


`Bimetal 
pier ied Rigid frame of thermostat 


FLEXED SPRING PROVIDES 


OVER-CENTER TOGGLE ACTION 


operation. This construction therefore 
does not permit contact pressure at the 
snapping point of the thermostat to ap- 
proach zero, but definitely maintains a 
minimum value which will assure posi- 
tive action. 

Electrical switching is accomplished 
by the thermal operating mechanism im- 
pinging on the contact operating mech- 
anism after the former has stored an 
appreciable amount of energy. Important 
advantages are that a low differential 
thermostat will positively operate heavy 
duty contacts without permitting these 
contacts to pass through zero contact 
pressure and will also compensate for an 
occasional thermostat which may be im- 
properly adjusted and which may creep 
a short distance before it snaps. This 
creeping action of an improperly ad- 
justed thermostat will not be transmitted 
to the contacts in the structure. 








New principle of over-center mo- 
tion, based on flexing within the spring 
itself, is being applied to thermostats to 
improve sensitivity by eliminating the 
usual pivots and fulcrums with attendant 
friction errors. The over-center spring 
is rigidly mounted on the supporting 
frame, preventing this key spring mem- 
ber shifting in its adjustment or jarring 
out of position through rough handling 
or in shipment. A further fundamental 
improvement which has accompanied the 
use of the integral over-center spring 
blade, and was made possible by it, is 
the precise control of the over-center 
spring tensions this blade applies to the 
bimetal. These tension components so 
exactly match the physical properties of 
the bimetal that quantity production of a 
positive snap-acting thermostat without 
incorporating a differential adjustment is 
now made possible. 
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Adjusting screw 


Screw 
support 


~_ Egual temperature 
=? lines in water 


Bimetal -- 
element 


-Thermostat 


Bimetal.--- 
support 


METHOD OF MOUNTING INCREASES 


THERMOSTAT SENSITIVITY 


Bimetal with large surface area 
in close radiant heat exchange with the 
hot water tank surface to which it re- 
sponds has greatly increased thermal 
sensitivity. In the most recent develop- 
ment, the water heater thermostat has a 
bimetallic member mounted parallel and 
closely adjacent to the bottom, or mount- 
ing surface of the thermostat, and has 
exposed to the heated surface of the tank 
a surface area of approximately two to 
three times that ordinarily obtained. Be- 
cause heat can be conducted to and 
from the bimetal only through the com- 
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! Deflection. of free end 
of bimetal proportional 
to angular motion of 
adjusting screw .. 


----Fressure egualizing bar 


between adjusting screw 
and bimetal 


SCALE CALIBRATED TO WATER TEMPERATURE 





paratively small area where the fixed 
end of the bimetal is attached to the 
supporting frame, heat transmitted be- 
tween the bimetal and the tank sur- 
face by radiation is used to obtain maxi- 
mum sensitivity. This relationship is 
further improved by mounting the bi- 
metal with its long axis across the tank 
or parallel to the constant temperature 
lines of the water as it stratifies ver- 
tically in heating and cooling. Thus the 
bimetal responds through its entire 


length to a uniform temperature of water 
rather than to a temperature gradient. 


Seale on water heater thermostat is 
calibrated to indicate water tempera- 
tures. An adjusting screw controls the 
operating temperature of the bimetal. A 
true scale thermostat with precisely con- 
trolled, true temperature relationship 
between bimetal and water temperature 
must maintain a straight line relationship 
of bimetal temperature to angular move- 
ment of adjusting screw over full scale. 
This relationship is obtained by a 
mechanical system that makes normal 
deflection of free end of bimetal propor- 
tional to angular movement of screw. 


One-Piece 


Plastice Chain 
Injection Molded 


By ingenious sectional mold design, 
these Tenite chains are the first one- 
piece plastic chains to be produced by 
injection molding. Chains, shown in 
both cast and finished form, are molded 
by Tilton & Cook Company, using a four- 
piece mold that eliminates cutting, 
threading, and cementing of links, pre- 
viously necessary in making plastic 
molded chains. Severing of links from 
runners is the only finishing required. 
Chains are strong and light in weight, 
and come from the mold with a high 
polish. Chains are available in a full 
range of transparent and translucent 
colors. 
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CANTILEVER BEAMS 


How to Design for a Given Deflection at Any Point 


DIFFICULTY often met with 

when calibrating and testing in- 

struments of an indicating nature 
is in obtaining a measured motion of short 
range and readable to fine units. Such in- 
struments as dial indicators, the mech- 
anism of recorders, relays, contacts and 
snap switches of the “Micro Switch” 
type are a few of the devices that call 
for this kind of check. In the conven- 
tional reduction lever, at ratios of more 
than 10 to 1 backlash and pivot pres- 
sure produce uncertainties. If a microme- 
ter is used with a reduction gear to turn 
the barrel, backlash in the gearing, even 
if spring loaded because friction changes 
tooth pressure, and the creepage of oil 
in the thread will often cause errors 
greatly in excess of the least division to 
which it is desired to read. 

A mechanism that has been used with 
commendable success to obtain these 
i small increments is based on the de- 
flection of a simple cantilever beam. If 
such a beam consists of a strip of spring 
steel firmly supported at one end and 
the other deflected a known amount, the 
deflections at various points in terms of 
the end deflection will be in ratios 
ranging from 1:1 to «:1 as we go from 
the free end to the fixed end of the 
beam. 

If ym is the known deflection, then at 
any distance x from the origin O the 
deflection y, holds a definite ratio to y,,. 
To evaluate this ratio, let us use the 
formula for the simple cantilever beam. 

The deflection curve of such a beam as 
shown in Fig. 1 is expressed by: 


wW 
,;2 - —— 3 — 2P 213) ‘1) 
y GHI 322 + 2) (1) 
Where W=load in lb. acting along Y axis in 
a negative direction 
E =modulus of elasticity of the mate- 
rial 
I =moment of inertia of beam 


x =distance from Y axis to point 
where deflection y+ is measured 


l =length of beam 


In this particular application we are 
interested in the ratio that exists between 
y at x = 0 and y at some value of x 
that lies between O and point C. The 
problem is to solve for a value of x that 
will give the desired ratio between y at x 
= 0 and y, at some other point. 
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The expression for Ymar when x = 0 is: 


_ We 


(2) 
3EI 


Yn = 
Since we are interested in the ratio of 
iis i “ 

—— Equation 1 can be divided by 
ym 


Equation 2. 





W 
Me. SEI __ (23 _ 3px + 97) 
Ym we 
~ 3EI 
Ye 1 a oP 73) j 
— = = (x? — 32a + 2/5) (3) 
Ym 2 
Rearranging: 
z? — 3lr + 2 — zt ve=0 (A) 


When Equation 4 is solved as a cubic 


cos! (1 — 42/Ym) ži 
x = — 2l cos (eee on + 240") (5) 





3 


Table I gives a solution for some of 
the common ratios. 





Fig. 1—Deflection curve of a simple canti- 
lever beam loaded at its free end 





Fig. 2—Cantilever beam with intermedi- 
ate load W, which is the force exerted by 
the device under test, and the reaction R: 
of the micrometer spindle 


Applying this principle, an instrument 
as shown in Fig. 3 was developed. 

By experimentation and evaluating 
for the foreshortening of the beam it 
was found that if the deflection at y,, 
did not exceed 1/40 of / the relationship 
held to a degree of accuracy such that a 
ratio of Ym/Ys = 100 was easily usable. 
In this instrument a micrometer reading 
in 0.0001 in. was used so that with a 
ratio of 100 to 1 each division was 10° in. 
at x. Care must be exercised so that the 
steel contact ball is as nearly in the cen- 
ter of the micrometer spindle as possible 
to eliminate side motion due to friction 
between the ball and the face of the 
spindle. 

If the device being tested exerts a 
pressure of measurable magnitude on 
the beam it will be deformed from its 
true cantilever shape. This deformation 
would be analyzed as a beam fixed at one 
end and supported at the other. 

The intermediate load W is the force 
exerted by the device under test, and R, 
is the reaction on the micrometer spindle. 
After equilibrium has been established 
the beam will act as a cantilever as pre- 
viously described since the principle of 
super-position holds. 

In many instruments the force exerted 
varies with the deflection. The effect of 
this is unavoidable but can be reduced 
to a minimum by using as heavy a beam 
as the necessary deflection will allow. 

Referring to Fig. 2 the deflection A at 
the point of application of the load W 
is given by 

W,2x? (l — x) 


Where W.,=force of instrument on beam lb. 


x =distance from point of applica- 
tion to free end in inches 


l =length of beam inches 
E =modulus of elasticity 
b =width in inches 


d =thickness in inches 


This deflection A for a given force, 
reaches a maximum when x = 0.414. 
It is quantitatively expressed by: 


Ww. 
E bd’ @) 





Amaz = 0.11764 


It can be seen from this that the de- 
fiection increases as the cube of the 
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length and decreases as the cube of the 
thickness. 

The limit of these values is determined 
by the action of the beam as a cantilever 
and the necessary deflection, y,,. Here 
the stress is given by: 


f= oe OF (8) 


Where / = stress in lb. per sq.in. A 
good working stress for high quality 
spring steel is 50,000 lb. per sq.in., which 
will keep hysteresis to a minimum. 

There is still another fact to be con- 
sidered, namely, the deformation and 
stress produced at the contact between 
the steel ball and the micrometer 
spindle. 

Assuming the same values for E and 
Poisson’s ratio for both spindle and ball, 
the compressive stress at their contact is 
given by 


3 z 
f. = 0.6164 LE (9) 
D? 


Where W =force of ball against spindle in lb. 
D =diameter of ball in in. 
f: =compressive stress at contact 

From the experience of ball bearing 
manufacturers, 300,000 Ib. per sq.in. can 
be used as a safe stress when there is no 
rolling motion. 

The necessary length of the beam can 
be determined by / = 40 y,,. If J is 
assigned, the thickness of the beam can 
be determined so that the limiting stress 
or the maximum allowable value of W 











Materials :- i 
Standard sections +I 
and cold rolled Q 
steel % . 
> gk 2.000-- 
RNA 


x 


s 


fi 


1.500. 


Black wrinkle 
finish all over 


m 








will not be exceeded. To simplify cal- 
culations, rearranging Eq. 9 gives: 

D? f? 
= (10) 
E ) 
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W = 0.0379 

Substituting in Eq. 2 the value ] = 

bd*/12 and solving; using the above cal- 
culated value for W: 


3 y 3 
y Eb 


By solving this equation a thickness is 
found that will give a safe force on the 
ball contact. 

By rearranging Eq. (8) and solving: 


2s? 


d= 3, E (12) 


Substituting in this equation the known 
values and the maximum allowable stress 
gives the value of d for the maximum 
stress. For a given deflection, the greater 
the value of d the greater will be the 
stress. The smaller of the two values of 





TABLE I—Deflection Ratios 








Ye z 
Ym l 

0.005 0.9422 

0.010 0.9172 

0.020 0.8822 

0.050 0.8113 

0.100 0.7293 
------------------- /5.250"----------------- 


3.000" Standard No.?-8 
equal tee, cut 
and ground 


Imported Swedish high 
_” carbon blue tempered / 








d computed by Eq. 11 and Eq. 12 should 
be used if neither W or f are to exceed 
the limiting values. 


Example: 
Ym = 0.200 l=02X40=8 
= = .01 (selected) 


x/l = 0.9172 (from table) 
z= 8 X 0.9172 = 7.337 


Let: b= 1 f = 5 X,10¢ lb. per sq. in. 
D = 0.25 E =3 xX 10 
y ai CRF OA WE aa 


3 ) wy 4-4 3 
dı = qf @ {18%5) (Sy = 0.0862 in. 
(0.2) (3 X 107) (1) (From Eq. 11) 
2 (5 X 10%) (6.4 X 10) _ 0.355 in 
3 (2 X 10!) (3 X 10°) (From Eq. 12) 
So as not to exceed the contact force 
of 1.875 lb., the 0.0862 in. value of d is 
used and the stress will be well below 
the limit of 5 x 10*. Its actual value 
will be: 
_3y Ed _ 3X02 X 3 X 10 X 0.0862 
i ae 2x 64 
= 12,100 lb. per sq. in. 


As calculated by Eq. 8. 

This method of calculation can be 
applied to the design of any type of can- 
tilever beam of constant cross-section and 
offers a simple method for determining 
the vertical deflection at any point in 
a cantilever beam in terms of the end 
deflection. 


də = 





,0.093"ball bearing 


+ 


spring steet ha By 1000% Ball bearing sold. 


mn ered to cantilever 
to contact anvil 
exactly 12.000” 
from jaws at 
mid range used 


-—Index marker 


N | of brass with 
| I>, celluloid window 
ı àl A \ \ \ 
Š No. Yoo (219) oe 8500" | wicruntter has! 
iS 0. %2 ir: O. micrometer hea 
i 9 deep No. 14-32 tap, allows American standard \ No.295 (ground 
I | bracket to clamp in any E-beam No.B-15 (5x3) \ threads) assem. 
All screws used‘ | position /0 Ib. per Ft fo gi ve 2 100"Fle x 
an 2? -32 socket | | Westand Dodge an ’ 
ead cap screws \ | 4"micrometer 
a3. wheel to fit Spindle 





CANTILEVER COMPARATOR 


Fig. 3—Cantilever comparator designed on the basis of the equations developed in this article 
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Applications of Standardized Units 


JOHN A. LONG 


Photoswitch, Incorporated 


HE photoelectric field is often 

associated with complicated and 

delicate apparatus, specially tailor- 
made at considerable expense. In many 
cases delicately engineered equipment of 
a laboratory type requires particular con- 
ditions of local illumination and con- 
stant voltage not available in the average 
plant. This has in many cases influenced 
designers not to recommend photoelectric 
controls, even when conditions are such 
that the electric eye could do the job bet- 
ter than any other means. 

However, electric eye equipment is 
available today which can be successfully 
used under ordinary operating conditions 
found in industry. These controls have 
been engineered to operate successfully 
under high temperature, humidity, and 
vibration conditions. 

In the typical uses of the electric eye 
discussed below, no attempt has been 
made to make the listing all inclusive, 
but other applications will readily sug- 
gest themselves. 

The most desirable design of safety 
device is that which will interfere the 
least with press production. Light beam 
protection is generally more satisfactory 
than a mechanical arm in that it does not 
cut off the operator’s view, and it may 
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be incorporated as a press control as well 
as a safety device. If the press is oper- 
ated by an electric clutch and brake, the 
output of the electric eye may control 
these directly. Installation is relatively 
simple. For presses equipped with me- 
chanical clutches, the electric eye con- 
trol can operate a lock on the foot pedal 
and prevent the clutch from being thrown 
while the operator is in danger. 

Standard photoelectric equipment in 
the form of banks of photo-cells operat- 
ing from a curtain of light to fit any 
cross-section can be used to safeguard 
the working area of machinery. 

With certain machinery and industrial 
processes it is sometimes necessary to 
keep workmen at a reasonable distance 
from the operations. With standard 
photoelectric equipment, a light beam 
fence up to 100 feet in length may be set 
up and readily adapted by mirrors to any 
reasonable length and shape. When a 
workman crosses the light beam, the con- 
trol may operate an alarm, or turn off 
the machine itself. In one instance, 
photoelectric equipment has been adapted 
as a safeguard in wire drawing pro- 
cesses. The control light beam is pro- 
jected 50 ft. behind the entire length of 
a wire draw bench. In case the operator 





becomes entangled in the wire while mak- 
ing adjustments, his body will cut off the 
light beam and immediately stop the 
machinery. 

One copper wire manufacturer uses the 
electric eye to detect kinks and other 
irregularities in freely unwinding cable 
on its way to the winding reel. 

Photoelectric control also provides 
speed compensation in the stranding of 
wire cables. The stranding is performed 
at a constant speed, and the cable is then 
rolled about a capstan, also operating at 
a constant speed, and finally is fed to a 
large spool. The spool is usually turned 
at constant speed by a belt drive. The 
cable is thick and as the spool increases 
in diameter the belt is permitted to slip 
when the cable is under sufficient tension. 
This may wind the cable too tightly, and 
require maintenance of the belt drive. 
With photoelectric control, the light beam 
is projected at the electric eye just above 
the lag of cable maintained between the 
capstan and the spool. When winding 
speed increases, slack is taken up, pull- 
ing the cable above the light beam. This 
places resistance in series with motor 
field, slowing down the motor until the 
cable once again interrupts the light 
beam. At this point, spool resumes wind- 
ing at full speed, since motor field re- 
sistance cuts out. 

In testing cable insulation for high 
voltages, the end of the cable may be run 
into the test room. The spool itself, re- 
maining outside, can be surrounded by a 
light beam fence so that any person ap- 
proaching the spool will disconnect the 
high voltage line. 

In steel mills and in the automotive 
field, the standard photoelectric unit can 
control hot objects and freshly painted 
units, automatic conveyors, automatic 
door operation, accurate grading by 
height or size, and similar applications. 

In the textile field, the electric eye de- 
tects thread breaks and provides stop- 
motion control on high speed warpers 
and winders. The older electrical stop 
motion was rendered inoperative by lint 
and dust; this is, of course, not the case 
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Light source, 


Shear blade---._. 


Photocell--* 
Circuit normally 
closed-opened when 
light beam is 
interrupted 


Clutch Latching 


Mechanism 


Solenoid--- 


A 


Bearing----~ 


SHEAR APPLICATION 





Photocell circuit is normally closed and solenoid is normally energized. When light beam is interrupted, solenoid is de-energized and 
the spring throws the latch into place under the clutch lever 


with the electric eye control which is 
completely positive in operation. A light 
foil target is suspended from each thread 
by a porcelain hook. These targets are 
in line, and one light beam can be pro- 
jected just beneath them all. Targets 
are prevented from twisting by a simple 
wire guide. When a guide breaks, its 
target drops, breaking the beam and 
stopping the machine. 

In textile finishing, cloth is guided as 
it runs through processing baths and 
dryers by pins or clamps engaging its 
edges. The guides along which these 
pins travel are moved in and out by re- 
versible motors. Light feelers have been 
used to control these motors. The feelers 


Light source.--. 


contact the edge of the cloth and move 
the guides to accommodate variations in 
cloth width. For very light mesh or cloth 
which is delicate when wet, the feelers 
require wrinkling of cloth edge before 
they will make the desired contact. With 
a lens system projecting a cone shaped 
light beam, photoelectric control gives 
better control of mesh and netting than 
the metal feeler. Breaking the light beam 
requires no pressure of the cloth. More 
positive and accurate motor control is 
obtained. Cloth as thin as mosquito 
netting can cut off sufficient light for 
satisfactory operation. 

Other applications in the textile in- 
dustry include speed compensation on 


, .“Photocells 


EDGE 


finishing machines in the same manner 
as related in connection with cable wind- 
ing in the wire industry, and counting of 
piece goods moving from dryers or con- 
veyors. 

For paper break detection. the control 
beam is projected perpendicularly or 
diagonally at the paper being processed. 
In paper processing for edge control the 
control is used as described in connection 
with the textile field. 

Some photoelectric equipment is of- 
fered with an electric counter built into 
the control, making a compact, easily 
installed unit. Photoelectric counters, in 
general, do not compete with mechanical 
counters. With regularly shaped solid 


Motor contro/ relays 


- Reversing 
| ___\ mofor 


Moves shaft right 


or left as reguired 
for correction 


CONTROL 





Sheet is shown in neutral zone requiring no edge correction. When the sheet moves too far to the right it interrupts the right-hand 
light beam, closing the photocell relay and energizing the reversing motor to cause “right” correction 


January, 1940 


21 








Winding ree/ 


DETECTING THREAD BREAKS TENSION CONTROL mer, 


Photocell..___ 


“Slotted tube 


Winding 


pain Winding ree/ 


motor field- 


Light source Photoce// 


Targets Circuit closed while 
beam is interrupted 


or coil spring 





Light foil targets suspended from each thread by a porcelain hook. Light beam projected above cable lag. When slack is taken up, 
Targets are in line and light beam projected beneath motor slows down until beam is again interrupted 


objects, and where output of machines 
may be directly counted by the machine’s 
motions, and where rejections are neg- 
ligible, mechanical counters are more 
satisfactory. 

The electric eye will usually do a 
counting job more accurately and eco- 
nomically when actual output, after re- 
jections, is to be counted. In addition, 
many objects are too light to trip a me- 
chanical counter. With objects of vary- 
ing or irregular shape, or freshly painted 


CONVEYOR CONTROL 


Feed conveyor--- 


Light source 


Phofocel|-- ---- 
Circuit opens when 





Circuit closes when i i i 
beam is interrupted tric eye or when the light beam is inter- 


articles, or metal at high temperatures, trol requires very little light for opera- 
photoelectric counting is the only solu- tion. Also there is generally some point 
tion. It should be borne in mind that a on the conveyor where corners or edges 
mechanical counter is generally suitable of cases must separate such as at the out- 
for only one special installation, whereas side of a curve, or at any change in slope. 
the electric eye counter is universal in its A dead roller on a roller conveyor will 
possible adaptations. automatically space the cases. The rear 
In making a count of such articles as bottom edges of the cases may be counted 
cylinders moving along a conveyor, it at any vertical step, such as when passing 
may appear that the articles seem too from a conveyor to a chute. 
close together to permit light to pass Photoelectric controls need no longer 
between. An efficient photoelectric con- be considered in the class of either lab- 


oratory or tailor-made equipment. They 
are available today as standard equip- 
ment. and may be as readily purchased 
as other electrical controls. They have 
Q en k long life under exacting industrial con- 

A COO) } ditions. Maintenance is a negligible fac- 


` 
` 


- ` hye” tor; well engineered controls require onl 
conveyor . Supply: n I 7 
drive N vacuum tube replacement once a year. 

| motor Motor 

control Choice of Equipment 
relay 
In selecting photo electric controls for 
a particular application, the following 
JE should be determined: 





. 4 
(a) What is the required distance be- 
tween light source and receiver? 
(b) Is the control circuit to be closed 
when the light beam is striking the elec- 





Photocell- 


light beam rs 9 

rupted? 

interrupted b ; i 

box a aningar Ere ee (c) Is it desirable to close the control 


Arrangement which operates feed con- 
veyor only when beam on main conveyor 
is clear, so interlocked that if a box has 
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circuit in case of current failure or when 
tube replacement is necessary? 

(d) Is operation required on small 
changes of light or on complete interrup- 


i g 9 
begun transfer from feed to main con- tion of the light beam? 


veyor, feed conveyor continues to operate (e) What are conditions of local il- 
until transfer is complete lumination ? 
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PATENTABILITY OF MATERIALS 


When Invention Enters Into Their Application 


HE art of supplying new mate- 
rials for engineers has been revo- 
lutionized in the last decade. 
Along with the advent of plastics, new 
alloys, stainless steels, new electroplat- 
ing coatings and electrocoloring, has 
also come styling—another weapon for 
the industrial designing engineer to use 
in meeting competition. The resource- 
fulness of the designer is often in direct 
proportion to his knowledge and skill in 
the adaptation of his product to new 
materials. After all of the research and 
engineering is completed, the question 
arises whether this investment will be 
wasted, because a competitor can take 
advantage of the pioneering that has 
been done without the expense, and 
produce the same product at a cut price. 
Consequently, the designer turns to 
patents as his protection for the in- 
vestment. The question immediately 
arises whether it is possible to protect 
the new design because of the designer’s 
originality in the selection and adapta- 
tion of new materials to an old purpose. 
Most of these questions on patent- 
ability due to selection of new materials 
are difñcult ones to determine unless the 
rules are thoroughly understood. 
Generally speaking, when a raw mate- 
rial, or a semi-fabricated or completed 
new material, is found to have a special 
quality or characteristic in its new 
location in the new design, which qual- 
ity or characteristic had not been ob- 
served in it when it was employed in 
other connections, then this is invention. 


Glass as a Typical Example 


Glass is a typical material out of 
which many new qualities have been 
discovered during the last decade. The 
art of drawing fibers and weaving tex- 
tiles of glass has produced sheet and 
insulating materials, clothing, and a 
number of new products which are pat- 
entable per se. It was discovered that 
the use of woven fiber made out of 
glass has merit as an insulating cover 
for electric wire and cable. These fibers, 
a few ten-thousandths of an inch in 
diameter, have a tensile strength some- 
times as great as a million pounds per 
square inch, greater than that of steel. 

\s one Court said: 

Appellant conceived and de- 
sizned a hollow glass brick with a side, 
or sides, fluted or ribbed to form prisms, 
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which prisms were given the dimensions 
and slants essential, under the physical 
laws of light refraction and light reflec- 
tion, to catch downwardly slanting rays 
of light and deflect such rays in an 
upwardly slanting direction. He also 
conceived and designed a building to 
be constructed of such bricks, the ceiling 
of which building should catch the up- 
wardly deflected rays of light and redis- 
tribute them downward for illumination 
of the interior of the building.” 

The Court had before it the question: 

s . whether applicant’s work repre- 
sents invention over the prior art cited 
plus the common practice of diffusing 
rays of artificial light downward after 
their reflection upwardly to the ceiling. 

“Tt is our conclusion that it did involve 
invention. It seems to us that the con- 
cept of causing deflection of light rays 
in the manner which has been described 
was inventive. To consummate the con- 
ception and embody it in structural form 
must have required calculations based 
upon the physical laws relating to light, 
and, finally, experiments to determine 
whether the result desired had been 
obtained.” 


Taxicab Safety Glass 


Such a discovery in itself constitutes 
invention. Take the case of safety glass 
windows that are used entirely for taxi- 
cabs. These are not double sheets with 
plastic layers between them, but a single 
sheet which will withstand four or five 
times as hard a blow as ordinary glass 
of the same thickness. When this glass 
breaks, it goes into fragments the size 
of the end of your finger, rather than 
into sharp, jagged splinters. 

It was discovered that sheets which 
have been heated and then suspended 
before a multitude of fine air jets are 
tempered because the surface layer of 
the glass is thus thrown into compres- 
sion and the interior under tension. The 
tensile strength of the sheet is increased 
by the amount of the surface compres- 
sion. This is a force tending to stretch 
the glass which must first overcome such 
compression, It is tensile strength which 
ordinarily determines whether or not 
glass will break. The discovery of this 
new property of glass is invention. 

A further good example of discovery 
of a new property in materials, which 
is patentable, was that in connection 


with the manufacture of electrical con- 
tacts. A tungsten disk was welded to 
a steel shank. A tray, holding many 
small steel shanks, was maintained in 
a horizontal plane with a thin disk of 
copper on top of each steel shank. Then 
a tungsten disk was placed on top of 
the copper. The whole was placed in 
a furnace with a hydrogen atmosphere 
while the copper melted, after which 
the assembly was removed to a cooler 
zone, so that the copper could solidify. 


Discover Wetting Property 


In the beginning, great care was used 
by the workmen to align the three parts 
so that the tungsten would be flush all 
around with the steel shank. Later it 
was discovered that the surface tension 
forces of the liquid copper properly 
aligned the tungsten disk no matter how 
badly off center. This was due to the 
discovery that the tendency of copper in 
a hydrogen atmosphere is to wet both 
the tungsten and the steel, together with 
the nearly frictionless film of liquid 
copper on which the tungsten was free 
te move. 

The result was that it was possible for 
operators to fix the trays at a faster 
rate. The tungsten disks, as soon as the 
copper began to melt, would dart into 
place, some moving in one direction and 
others another, but always centering 
themselves as if they were under accu- 
rate physical control. The discovery of 
this wetting function of an old metal, 
such as copper, was invention. 

Another excellent example of the same 
property of copper after it was once 
discovered was in connection with pow- 
dered tungsten briquettes that were 
moderately heated and then placed in 
a hydrogen atmosphere in a bath of 
molten copper. They were not com- 
pletely immersed, so that the capillary 
forces caused the copper to fill the pores 
of the tungsten briquettes evén above 
the level of the liquid copper. 

There are many latent industries that 
are awaiting creation due to the delay 
in the application of physical properties 
of materials such as metals, now known 
only as laboratory curiosities. There is 
an inspiring group of new materials, and 
new uses awaiting exploration. They are 
all known in the laboratory. 

The development of the carrier wave 
principle provided the impetus to utilize 
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electronic emission in radio and in the 
transmission of many telephone mes- 
sages over a single circuit. For instance, 
a thread of lead, if maintained at a 
temperature near absolute zero, could 
carry all of the electrical energy avail- 
able at Niagara Falls all the way to San 
Francisco without appreciable loss. This 
property of lead, tin, mercury and some 
other metals, called supraconductivity, 
is one that has scarcely been explored. 
When practical commercial develop- 
ments are made, taking advantage of 
this property, that will constitute in- 
vention. Take one of the new alloys like 
Invar. This alloy has no appreciable 
thermal expansion within an important 
temperature range. It was invention to 
discover the metallic resistant wires, 
like manganin, with no, or even a slight 
negative, temperature coefficient of elec- 
tric resistivity. A discovery upsetting 
the orthodox physical conceptions of 
metal is the thing that illustrates what is 
invention in discovering a new property. 


Combination of Old Materials 


Take the case of new combinations 
of old materials which form a new prod- 
uct. Over in Germany it was discovered 
that wood could be immersed in molten 
nonferrous metals, absorbing those met- 
als, and forming a new type of machin- 
able product. Then there came into the 
field a new plastic made from lignin, a 
product of the refinement of cellulose. 
Wall boards and other products are 
made from this material. Then there 
was the combination of sponge rubber 
and pig hair that made a new upholster- 
ing, and wool made artificially from 
casein and dresses from glass fabric. 

There are three aspects of this prob- 
lem of what constitutes invention in 
connection with materials: “When we 
find that a material has a new quality, 
it is invention; when we discover a new 
usefulness and adaptability of a mate- 
rial, that is invention; when materials 
take on new forms not heretofore known, 
that is invention; and when we have 
a new combination of materials, that, 
again, is invention.” 

For instance, let us take the new syn- 
thetic rubbers, such as Thiokol, Neo- 
prene and Buna. Here are a few of the 
synthetic rubbers with startling new 
uses and adaptabilities, both alone and 
when mixed with natural rubber. 

Take the case of selecting such mate- 
rials as the polymers made from lime 
and coal. This new material was applied 
in a thin layer to the surface of a 
printing roller made of rubber. The 
claim read somewhat like this, which 
was allowed by the Patent Office: 

“1. A composite roller comprising a 
pervious resilient rubber body having 
an integrally attached synthetic rubber 
covering, said covering being suffi- 
ciently resilient to permit flexing of 
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the rubber body and so thin as to be 
relatively incompressible, smooth and 
impervious in contrast to the resilient 
pervious body.” 

It was discovered that this synthetic 
rubber not only had the quality of being 
resistant to oils, greases and wash-up 
liquids, but that it also developed the 
unexpected property of having a hard, 
smooth surface, so that it would provide 
the ideal printing surface. By making it 
sufficiently thin, its lack of resiliency 
and flexibility necessary in a printing 
roller was made up by mounting it upon 
a relatively thick, very resilient, rubber 
base, which, if not so protected, would 
be attacked by the oils, greases and 
wash-up liquids. Here was a true ex- 
ample of invention in applying a new 
material of certain known qualities to 
an old use of a printing roller, but in a 
new mechanical combination and with 
the development of new properties from 
the synthetic rubber due to the adapta- 
tion of it to a very special purpose hav- 
ing a number of unusual requirements. 

When a new material placed in an old 
construction develops a new use or de- 
velops new qualities, that are not obvi- 
ous, then it is invention. As a Philadel- 
phia Court said: 

“It was known by a few persons that 
copper sulphate would absorb ammonia 
gas, but the knowledge of that abstract 
chemical fact, which no one used, is 
quite different from the disclosures of 
the patent. The patentees translated a 
more or less isolated and hitherto com- 
paratively unimportant fact of chemistry 
into a useful industry. That the process 
came immediately into general use and 
has replaced all other like processes is 
persuasive of invention.” 


Speed Regulator Invention 


Another good example, in a practical 
way, of this principle comes to mind. 
A few years ago, an inventor discovered 
that if he placed a series of iron cores 
in coils and moved them in and out of 
the coils, an old electrical device in 
itself, but hooked up this arrangement 
in a three-phase circuit of an alternating 
current motor, that he was able to con- 
trol the speed of that motor from sub- 
stantially zero to full speed without un- 
due heat loss. He could not only control 
the speed of the motor, but could con- 
trol the amount of current used in pro- 
portion to the speed of the motor. This 
opened up a vast new field in speed 
regulation, particularly with reference to 
ventilating fahs and similar mechanism. 
Here was an adaptation of old materials 
and an old principle to an entirely new 
use which was patentable. 

A San Francisco Federal Court said: 

“It is true that the characteristic of 
vulcanized rubber has long been known, 
that the skidding automobile demon- 
strated the fact that with water lubri- 


cation on the highway the rubber of an 
automobile tire supporting a heaving 
automobile showed little frictional re- 
sistance. The patent office, however, 
decided that the use of water lubricated 
soft rubber to support a shaft constitutes 
invention. 

“The real problem of using soft rub- 
ber in the bearing or on a journal re- 
sults from the intimate contact with 
the metal which it supports. This contact 
leaves no space for a lubricant on the 
surface which supports the weight. 
Sherwood believed that he could force 
water between the rubber and the steel 
and thus make practical application of 
the desirable qualities of rubber in the 
structure. We agree with the trial court 
and with the patent office that this con- 
stituted invention and that patent No. 
1,416,988 is valid as against the claim 
of no invention.” 


“Let Us Assume...” 


Let us illustrate further with one of 
the new materials that is a plastic. If 
a designer should discover that in adapt- 
ing a plastic handle to a machine that 
it was possible to print instructions on 
the handle, a quality which a plastic 
had not been known to have prior to that 
time, this would be a patentable discov- 
ery. Or take the case of oil in a hy- 
draulic circuit. Let us assume that it 
was discovered in carrying the oil up 
to very high pressure that it developed 
properties that it had never shown ordi- 
narily for lubricating or hydraulic pres- 
sure purposes. This would also be pat- 
entable. If a motor armature were cast 
in a synthetic resin under pressure in 
order to provide the necessary insula- 
tion and it is discovered that this insu- 
lating plastic had the property of acting 
as a condenser, or the property of stor- 
ing electrical energy, then this newly 
discovered property would be patentable. 

Then, there is another angle to this 
question that is of interest. An inventor 
discovered that by mounting a thin 
sheet of expensive stainless steel on a 
cheap carbon steel support and there- 
after bending both the thin sheet of 
stainless steel and the cheap carbon 
steel support in an arc, that it was pos- 
sible to stretch the stainless steel sheet 
so as to cause it to lock on the carbon 
steel support due to the tension under 
which the stainless steel sheet was put. 
This was broadly new as the inventor 
utilized the tensile strength and resili- 
ency of the thin steel sheet to lock it 
on the carbon steel base for use on auto- 
mobile tires. The use of solid stainless 
steel was, of course, too expensive. 

Where a machine has acquired new 
functions and useful properties, it may 
be patented, even though the only change 
made in the machine from prior designs 
has been the substitution of one of its 
materials by another. 
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DAMPERS AND SUPPRESSORS-I 


For Controlling Torsional Vibrations in Crankshafts 


D. GERDAN 


Detroit Diesel Engine Division of General Motors Corporation 


N multi-cylinder internal combustion 
engines which operate through a 
wide speed range it is practically 
impossible to keep that range free from 
speeds at which severe crankshaft tor- 
sional vibrations will occur. However, 
since the resonant torsional vibrations 
of a crankshaft are governed by the 
conditions of resonance existing between 
the torque impulses and the natural fre- 
quencies of torsional vibration of the 
crankshaft system, it is sometimes pos- 
sible to control these conditions to some 
extent by the design of the crankshaft. 
This can be easily performed, however, 
only in engines having a narrow oper- 
ating speed range. 
It is possible to flexibly and fric- 
tionally connect the flywheel to the 


Dampers That 


These introduce work absorbing forces 
which are brought into operation when 
the crankshaft torsional vibration ampli- 
tude exceeds a predetermined amount. 
In their essentials, dampers consist of 
heavy flywheel rings mounted coaxially 
with the engine crankshaft and caused 
to rotate by it through friction, either 


solid or fluid. 
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Torsional vibration damper shown in Fig. | is inclosed 
in a housing and lubricated, bronze friction material being used. 






FIG. 1 


crankshaft so that the system will have 
little response to the exciting forces 
at the resonant frequencies. Also, me- 
chanical devices have been used for 
automatically changing the moment of 
inertia or the stiffness of the crankshaft 
at certain engine speeds in order to 
avoid resonance. Methods have also been 
developed in which the moment of in- 
ertia of the crankshaft is varied through 
the cycle of engine revolution. Devices 
such as these, although they have merit, 
are not used widely, usually because 
they are too complex and too expensive. 
The most common method of torsional 
vibration control is the use of a sup- 
pressor of some sort to eliminate the 
existing torsional vibrations. 

The need for a torsional suppressor 


When the crankshaft speed of rota- 
tion is uniform, the shaft and the 
damper flywheel rotate as a unit. Dur- 
ing crankshaft torsional vibration, the 
flywheel has the same oscillation only 
if the torque necessary to give the fly- 
wheel maximum acceleration is less than 
that causing the friction surfaces to slip. 
If the amplitude of vibration of the 






depends upon several factors. In passen- 
ger car design, vehicle vibration and 
noise are the deciding factors. In bus 
and truck engine design, crankshaft 
stress, timing gear wear, and camshaft 
operation may be the important factors. 
In motorship drives, crankshaft and pro- 
peller shaft stresses, auxiliary and main 
gear drive, wear and noise are usually 
the important items determining the 
need for the application of a suppressor. 
Each design of engine, together with the 
driven equipment, must be investigated 
separately in order to select the proper 
type of suppressor. 

Torsional vibration suppressors as 
commonly used fall into four general 
classes: dampers, tuners, tuners with 
damping, and de-tuners. 


Introduce Work Absorbing Forces Into System 


crankshaft, at the damper location, is 
caused by a greater torque than this, 
slip between the two surfaces occurs 
with consequent energy loss. Through 
correct design the energy absorption by 
friction balances the harmonic torque 
input at any desired amplitude thus 
limiting the vibration stresses at critical 
speeds to safe values. 
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FIG. 2 


Damper in which the frictional torque setting varies as the 
square of the engine speed, this design shown in Fig. 2 incorpo- 


rates a damper flywheel against which metal friction blocks 
bear. The blocks are given an initial load against the inner 
periphery of the flywheel by the coil springs. The effect of 
centrifugal forces upon the blocks provides an automatic in- 
crease of the friction torque setting. Freedom from criticals over 
the entire speed range is obtained. (Continued on next page) 
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| The assembly is bolted to the crankshaft, the disk being the 

rigidly fastened member. The flywheel is driven by the crank- 

shaft through the friction disks which are loaded by leaf spring 
packs through a loading ring which is also a part of the fly- 

i wheel mass. Frictional load is adjusted by means of a nut and 

: bolt. The unit is assembled to the front end of the crankshaft. 
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Typical torsional vibration 
damper, shown in Fig. 3, is used 
widely in automotive type internal com- 
bustion engines. The damper is keyed to 
the front end of the crankshaft, where the 
amplitudes of torsional vibration are the 
greatest, through the damper hub. The 
flywheel, or inertia mass, is connected to 
the crankshaft by means of friction ma- 
terial such as brake lining or clutch 
facing material. In some instances, if the 
damper can be inclosed and lubricated. 
metallic friction materials are used. The 
friction surfaces are loaded by helical 
springs which force the two halves of the 
flywheel mass against the friction ma- 
terial. The springs are designed to have 
the lowest possible rate of action in 
order to minimize the reduction of spring 
load which may occur with wear of the 
friction surfaces. The cover plate fast- 
ened to the hub, holds the assembly to- 
gether and acts as an additional friction 
surface. The two halves of the flywheel 
mass are doweled together to prevent 
relative motion. 









Vibration damper, shown in Fig. 4, 
is similar to the type shown in Fig. 3, 
except that it is possible to adjust the 
spring load to compensate for wear on 
the faces of the friction material. Again 
the damper is keyed to the front end of 
the crankshaft through the damper hub. 
The two halves of the damper flywheel, 
which stores up and gives out inertia 
forces, are connected to the hub through 
the friction surfaces which are loaded by 
helical springs. The springs, which are 
placed in cups around the outside edges 
of the two halves of the flywheel, are 
compressed by means of tension bolts 
and nuts. Adjustment of the load on the 
friction faces, and consequently of the 
torque required to cause flywheel slip, 
can be accomplished by use of this 
method of construction when properly 
designed. To pilot the damper flywheel 
on the hub, preventing “run-out,” bronze 
bushings are pressed into the bore of 
each half of the flywheel. The bushings 
also serve as bearings when slip occurs 
between flywheel and hub. 
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Damper for high-speed engines, 
shown in Fig. 5, in which the friction 
torque required for full range damper 
effectiveness varies apvroximately as the 
square of the engine speed. Increased 
frictional torque required to slip the 
damper flywheel in relation to the crank- 
shaft is obtained from the action of 
centrifugal force upon a “leaded” rubber 
ring. The specific gravity of this ring is 
increased to about 4.7 through the addi- 
tion of litharge to the rubber. As the 
engine speed increases the ring causes a 
wedging action upon the two halves of 
the damper flywheel causing them to 
bear with increased force against the 
friction surfaces. A brass ring surrounds 
and confines the outer rim of the rubber 
thus preventing any “flow” because of 
the force acting upon it. The two halves 
of the flywheel are guided on the cover 
plate by a bronze bushing which acts as 
a bearing. The cover plate, which also 
acts as one of the fixed friction surfaces, 
is bolted to the crankshaft pulley which 
is keyed rigidly to the crankshaft. 


Tuners That Operate by Neutralizing Primary Torques 


Dampers as has been described oper- 
ate by dissipating energy as it is passed 
into the crankshaft system by exciting 
harmonic torques. The same result can 
be obtained by adding another vibrat- 
ing system to the main one which op- 
poses the exciting torques with a vibra- 
tory torque. 

In this type or group known as tuners 
there is no energy dissipation as occurs 
in dampers, but rather a neutralization 
of the torques which might possibly lead 
to serious vibration. Three examples are 
shown in the following illustrations of 
this type of torsional suppressor which 
consist essentially of a heavy flywheel 
connected elastically to the crankshaft 
at a position or place remote from the 
node of vibration. 
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Common type of purely tuned crank- 
shaft torsional vibration absorber is 
shown in Fig. 6. As may be seen from 
the illustration, there is no provision for 
the dissipation of vibration energy 
through friction as in the foregoing types. 
This ring type tuner consists of a fly- 
wheel mass coupled through a number 
of helical springs to a spider arm hub 
which is keyed to the crankshaft at the 
end remote from the flywheel. In the 
design of these units it is necessary that 
the springs be properly proportioned to 
transmit the maximum torque without 
being too highly stressed. The flywheel 
and spider units are designed and the 
masses so distributed that the natural 
frequency of the tuner is made the same 
as that of the crankshaft system. 
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FIG. 7 


Torsional vibration suppressor 


shown in Fig. 7 is a form which is being 
used to some extent on aircraft engines. 
It consists of a weight suspended on two 
rollers which are a free fit in the weight 
and in the crankshaft counterweight. 
Means for keeping the weights on the 
rollers are also used. This design is acted 
upon by centrifugal forces in the same 
manner as gravity acts upon a simple 
pendulum. It thus has a natural fre- 
quency of vibration which is proportional 
to engine speed when vibrating through 
small amplitudes. 

The mass acts as a simple pendulum 
which swings through an are of radius 
L. The natural frequency of the unit can 
be made to respond to any harmonic of 
the crankshaft throughout the speed 
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range. The pendulum acts in the same 
manner as the tuners described in Fig. 
6 at the crankshaft harmonic to which 
it is tuned. 

The effectiveness of this type depends 
upon its amplitude of oscillation, the 
effective radius, the inertia of the weight, 
and the tuning or natural frequency. 
Since the effectiveness does vary as the 
square of the speed it is possible to use 
light weight tuners for vibrations occur- 
ring at high speeds indicating one reason 
for its incorporation in aircraft engines. 
The rollers are so located as to lie close 
to the center of gravity of the pendulum 
weight and far enough apart so that the 
weight will not be lifted from them by 
inertia forces thus causing rattling and 
loss of vibration absorbing effectiveness. 
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Simple type of purely tuned crank- 
shaft torsional vibration absorber illus- 
trated in Fig. 8, although of different 
form is similar in action to that shown 
in Fig. 6. The form shown in Fig. 8 con- 
sists of an arm and mass pivoted to a 
plate attached to a cheek of the crank- 
shaft. The angular position of the mass 
in relation to the cheek is fixed by heli- 
cal springs. In the design of these units 
it is also necessary that the springs be 
properly proportioned to transmit the 
maximum torque to the mass and arms 
without being too highly stressed. 
Epiror’s Note. More torsional crank- 
shaft vibration suppressors of the types 
which are classified as tuners with damp- 
ing and de-tuners will be described and 
illustrated in a future number. 


Rotors 


Coefficient of expansion and con- 
traction of aluminum is about twice that 
of steel yet cast aluminum rotors with 
steel cores are made in sizes up to 20 in. 
diam. by the Reliance Electric and En- 
gineering Company. By preheating the 
steel core to about 600 deg. F. before 
casting the aluminum around the core, 
by using high casting pressures and by 
speeding up the casting press the effects 
caused by the difference in rates of con- 
traction have been reduced. Advantages 
claimed for the cast type of construction 
are concerned with fatigue properties 
against vibration, degree of balance, ven- 
tilation and electrical characteristics. 

Cast-type rotors are now operating un- 
der such exacting conditions as are en- 
countered in reversing drives for roller 
and catcher tables, mining machinery 
drives and metal drawing presses. The 
small rotor in the illustration is for a 
1 hp., 1,200 r.p.m. motor, the large rotor 
is for a 250 hp., 1,200 r.p.m. motor. 
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ALUMINUM ALLOY CASTINGS 
Design Possibilities and Range of Applications 


HEN SPECIFYING that a part 

be cast in aluminum engineers 

should be governed by many 
factors before making a selection of the 
alloy that will best suit the loads and 
conditions to which the casting will be 
subjected in the intended service. 

At present aluminum alloys are avail- 
able to suit almost every condition. Some 
alloys are corrosion resistant to salt water 
attacks; others have hardness properties 
and wearing qualities suitable for bear- 
ing surfaces. Alloys can be supplied to 
meet conditions where weight is a factor 
in the final unit; or where strength is 
required with a certain amount of ductil- 
ity: or where machinability is a factor; 
and to meet numerous other conditions 
that may affect the final use of the cast- 
ing. However, all the conditions cannot 
be met just through the selection of a 
certain aluminum alloy alone, as some 
thought must be given to the heat-treat- 
ment that will be required to obtain 
properties determined by the final re- 
quirements and use of the casting. 

Aluminum alloy castings are produced 
in various ways. One method is by cast- 
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THIS ARTICLE was prepared from ma- 
terials furnished by the Permanent Mold 
Casting Division of the Aluminum Associa- 
tion. The tables of properties and com- 
position of aluminum alloys were taken 
from A.S.T.M. “Tentative Specifications for 
Aluminum-Base Alloy Permanent Mold 
Castings.” 





ing in sand where either dry or green 
sand cores form the interior or exterior of 
the casting. No doubt this process is fa- 
miliar to all. All aluminum alloys can be 
used to produce castings by this method, 
they can also be heat-treated to obtain 
certain physical and hardness properties. 
This method of casting is used when the 
design is so intricate that it cannot be pro- 
duced by another method; or possibly 
when a small quantity of castings are re- 
quired for test units before approving the 
final design; or possibly the amount re- 
quired does not warrant the purchase of 
the equipment necessary for the other 
methods of manufacture. Very satisfac- 


tory parts are produced by sand casting, 
which are readily accepted by designers 
and engineers. 

Another method of manufacture is the 
semi-permanent mold process, which con- 
sists of using a dry sand core for the in- 
terior and a metal mold for the exterior 
surfaces. This method is used when it is 
impossible to remove steel or iron cores 
from the interior during the casting 
process, and also when a much smoother 
surface is required on the exterior than 
can be obtained in a sand casting. All 
aluminum alloys can also be used in this 
process, and castings can be heat-treated 
to obtain the required or necessary 
physical and hardness properties. 

A good example of castings made by 
the semi-permanent mold process is the 
aluminum automotive cylinder head, in 
which the exterior surfaces and com- 
bustion chambers are cast to size in a 
metal mold, while the interior water 
chambers are cast with dry sand cores. 
These dry sand cores are removed after 
the casting has been taken from the 
mold. The semi-permanent mold process 
is also acceptable and approved by de- 
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signers and engineers, but the initial cost 
of the equipment is somewhat more costly 
than the pattern equipment for sand 
casting, however, a much longer equip- 
ment life is realized, and because of 
higher production rates a reduction in 
the piece or pound cost is possible. 

For several years there has been a 
growing tendency to use permanent mold 
aluminum castings where production and 
quality castings are required. In this 
process removable steel or iron cores are 
used for the interior surfaces and metal 
molds for the exterior surfaces. How- 
ever, this process is dependent upon a 
means of suitable core removal from the 
casting, either while still in the mold or 
after the casting has been removed from 
the mold. By this process closer casting 
limits, weights and dimensions can be 
maintained almost indefinitely. A much 
finer grain structure, both on the in- 
terior and exterior surfaces, is obtained 
because of the chill casting effect which 
naturally reflects in the final physical 
and hardness properties obtained. Smooth 
interior and exterior surfaces are ob- 
tained through this method of manufac- 
ture, which are sometimes highly desir- 
able for the finished appearance of the 
item. All aluminum alloys can be used in 
this process and when given the required 
heat treatment, excellent properties are 
obtained. 

By the permanent mold method of 
manufacture the sections of the castings 
are maintained more uniform, which does 
much to keep the weight of the finished 
product within specified limits. Casting 
limits of +0.010 in. can be maintained. 
However, this is dependent upon the 
shape and size of casting. Sections of 
0.090 to 0.100 in. are being satisfactorily 
cast; however, this also is dependent 
upon the shape and size of the casting. 
Chill cast holes may be had; however, 
this is dependent upon their diameter 
and depth. Minimum draft of approxi- 
mately 0.010 in. per in. is required, 
which is very slight in comparison to sand 
cast pattern equipment. 

Some common castings of the per- 
manent mold type are -internal com- 
bustion engine pistons, steak platters, 
connecting rods, waffle iron plates, wash- 
ing machine agitators and parts, cylinder 
heads, golf cups, street markers, instru- 
ment cases and housings, and master 
cylinder hvdraulic brake pistons. Other 
applications are numerous. Castings can 
be supplied for parts where final weight 
is a factor, and for many other require- 
ments for the finished article, such as 
appearance, finish, and corrosion resist- 
ance, Castings weighing from a fraction 
of an ounce to more than 100 lb. are 
being produced. While the initial cost 
of the necessary equipment is somewhat 
higher than the equipment required by 
the other two processes of casting, a 
much longer equipment life is effected 
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Physical Properties of Aluminum-Base Alloy Permanent Mold 
Castings 





TENSILE STRENGTH ELONGATION IN 2 IN. 
Mın. Le. PER SQ. IN. Min. Per Cent 
(To THE NEAREST (To THE NEAREST 








ALLOY CONDITION 1,000 LB. PER SQ. IN.) l PER CENT) 
l Heat treatment No. 1 33,000 4.5 
l Heat treatment No. 2 12,000 l 
1A Heat treatment No. 1 33,000 1.5 
1A Heat treatment No. 2 42,000 l 
2 As-cast 23,000 
3 As-cast 23,000 
1 Heat treatment No. 1 28,000 
4 Heat treatment No. 2 38,000 
5 As-cast 26,000 
6 Heat treatment. No. 1 28,000 
6 Heat treatment No. 2 36,000 
7 Heat treatment No. 1 32,000 
7 Heat treatment No. 2 36,000 A 
8 As-cast 27,000 3 
9 As-cast 21,000 2 
9A As-cast 21,000 2.5 

10 Heat treatment No. 1 28,000 5 
10 Heat treatment No. 2 30,000 3 
11 Heat treatment No. 1 33,000 
11 Heat treatment No 2 40,000 





Ham press made of aluminum permanent mold castings. The ham is pressed inside the 
container which shapes the meat during cooking 
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and because of a higher production rate 
a reflection is noted in the piece or pound 
cost of the casting. 

While mention has been made of heat- 
treated aluminum alloy castings, heat- 
treating is not always required. However, 
it is generally recommended should it be 
necessary to obtain the required physical 
and hardness properties, to improve the 
machinability, or to remove internal cast- 
ing strains and permanent growth of alu- 
minum alloys. 

There are two types of heat-treatment: 
the solution treatment, and the precipi- 
tation and treatment. Recom- 
mendations are made as to the type of 
heat-treatment required, dependent upon 
the final use of the article, and upon the 
type of aluminum alloy selected, to meet 
the requirements. Heat-treatment is re- 
quired when a stable part is necessary 
or where a part may be used at elevated 
temperatures. When castings are used at 
elevated temperatures it is absolutely 
necessary that the permanent growth be 
removed. Most all of the aluminum alloys 
are susceptible to heat-treatment and 
should be given careful consideration in 
the design and application of the fin- 
ished product. 

With regard to the uses of finished 
products certain alloys are required for 
internal combustion engine pistons, while 
certain other types are required for cor- 
rosion resistance, for strength at elevated 
temperatures, for various co-efficients of 
expansion that may be required, various 
weight conditions, appearance and final 
finishes, and machinability through heat- 
treatment. There are innumerable uses 
for aluminum alloy castings and each day 
new uses and applications are being 
made throughout industry. 

Manufacturers producing assemblies 
find many reasons why permanent mold 


solution 


castings should be used. In the first 
place, permanent mold casting is admir- 
ably suited to quantity production. Sec- 
ondly, the resulting castings are of fine 
grain structure unusually free from dross, 
air pockets, porosity and irregularities 
of structure. Permanent mold cast parts 
are excellently suited for heat-treatment 
and develop high physical properties. In 
many instances, it is neither necessary to 
machine nor polish the piece and, with 
the elimination of either or both of these 
operations, a material saving is effected. 
When polished surfaces are desired, how- 
ever, they are readily procurable because 





of the exceedingly close or dense struc- 
ture of the castings. 

Because of the fine grain structure of 
permanent mold castings, not only are 
the results obtained from any given alloy 
generally up to expectations but rejec- 
tions because of imperfections or irrégu- 
larities in the castings are at a minimum. 
Since the advent of permanent mold cast- 
ings a considerable study has been given 
to suitable alloys for the purpose and con- 
sequently, there is now available a wide 
range of alloys. With this wide selection 
available and with the advanced knowl- 
edge of design evolved by years of ex- 





Aluminum permanent mold casting used as a teletype machine part 





Table of Supplementary Data 








APPROXIMATE RESPONSE 
SPECIFIC CORROSION CASTING TO HEAT Macua- 
ALLOY GRAVITY RESISTANCE PROPERTIES TREATMENT PRINCIPAL Use ABILITY 
1 2.76 Good Good Yes General, where high strength and fair ductility are required Good 
1A 2.76 Good Good Yes General, where high strength and high ductility are required Good 
2 2.83 Fair Good Yes General, automotive cylinder heads and washing machine 
SRSA Hs ee erate a ane eae et ey ae Pan Son S A Excellent 
3 2.79 Fair Excellent No SN eS arias elas ba oa Soe Good 
4 2.90 Fair Good Yes R a aiaa a a se N Excellent 
5 2.88 Fair Good Yes I EA RS Be ee eee ene eke ee Good 
6 2.68 Good Fair Yes I Ror eres b14.cre wy tod dks pty a E Ra A Fair 
7 2.67 Good Fair Yes INET ek PRE Wee af 2g era deh a hid a REC I Fair 
8 2.64 Excellent Excellent No r TETE E O E E EEE ko mE Poor 
9 2.66 Good Good No EO POTO O O EE Poor 
9A 2.66 Excellent Good No General with maximum corrosion resistance.......... Poor 
10 2.70 Excellent Excellent Yes General where high strength and corrosion resistance are re- 
a a E A EA a a a ewe ed Good 
11 2.78 Good Fair Yes Aircraft and diesel engine pistons....................... Good 
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perience, permanent mold castings have 
proved to be highly satisfactory in the 
diversified fields to which they have been 
applied. 

Permanent mold castings can be held 
to close dimensions. Even the larger 
castings are capable of being held to rea- 
sonable tolerances, such as plus or minus 
ten thousandths of an inch and, in specific 
cases, closer tolerances can, and have 
been maintained in production. 

The range of adaptability of the per- 
manent mold process is further widened 
by the ability to use sand cores where it 
would be impossible to extract metal 
cores after the casting has been made. 
This modification of the process, as has 
been stated, is known as the semi-perma- 
nent mold method, and retains all the 
major advantages of the full permanent 
mold process. The design of the part to 
be produced may dictate which method 
must be used, but where a choice is per- 
mitted experience is the best teacher and 
an expert permanent mold authority can 
readily determine which is suitable. 
Either method, of course, offers the advan- 
tage derived from the use of a perma- 
nent mold for the exterior surface. 

Since a smaller amount of finish is 
required for permanent mold castings 
than for sand castings and since it is 
possible to hold to more exact limits, less 
metal is required per piece, often result- 
ing in a saving of more than ten per cent. 
While the initial cost of a permanent 
mold is usually greater than that of pro- 
duction pattern equipment this factor is 
off-set to a large extent by the saving in 
weight realized and the additional saving 
in lower manufacturing costs. 

The basic difference between the per- 
manent mold process and the die casting 
process is that permanent mold castings 
are poured in a metal cavity by gravity 
feed, while in the die casting process the 
metal is fed into a metal cavity under 
pressure. In a properly designed perma- 
nent mold, the solidification of the metal 
takes place progressively. The part of 
the casting farthest removed from the 
sprue and risers solidifies first and it is 
this progressive feeding of the casting, 
together with the rapid chill the metal 
receives on coming in contact with the 
metallic mold, that makes possible a 
casting with a high degree of metal- 
lurgical perfection and with properties 
unique to the permanent mold process. 

The variety of forms and shapes that 
can be handled under present advanced 
practice is so great that manufacturers 
are strongly advised to explore this 
method thoroughly before turning to any 
other means of producing metal parts. 
The fine uniformity of results, the ease of 
machining and polishing, the achievement 
of lightness with strength, the splendid 
appearance of permanent mold castings 
and other advantages are too potent in 
commercial values to be overlooked. 
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Group of aluminum permanent and semi-permanent mold castings typical of the wide 
variety of parts that can be made by this process 





Chemical Compositions of Aluminum-Base Alloy Ingots for 
Permanent Mold Castings 








% % % 7 q% % % q OTHER 
ALLOY AL Cu FE Sı Me NI ZN Mn Impurities 

l - 1.5 0.8 2.3 0.2 0.2 0.3 0.3 
LA s 1.5 0.8 2.5 0.05 0.2 0.3 0.3 
2 m 7.0 1.1 3.0 0.1 2.5 0.3 1.0 
3 n 1.5 0.8 a0 0.1 a 0.5 0.3 0.5 
t - 10.0 1.3 0.8 0.25 0.3 0.4 0.25 {a2 
9 P 10.1 1.0 t.0 0.25 i 0.5 0.3 0.5 
6 P 1.0 1.1 12.0 1.1 2.5 0.1 0.05 0.2 
7 . 14 0.7 13:3 0.6 0.05 0.4 0.75 0.3 
8 a 0.2 0.6 11.0 0.05 0.3 0.5 0.5 
9 . 0.3 0.6 5.0 0.05 ian 0.3 0.3 0.3 
9A ’ 0.1 0.6 5.0 0.05 0.05 0.05 0.05 
10 ° 0.15 0.4 7.0 0.3 Bete 0.05 0.05 0.05 
11 ` t.0 0.8 0.6 ES 2.0 0.1 0.2 0.2 


* Remainder. 








MOTOR DRIVES FOR 


KETCHES of vertical shaft drives show how frame con- 

struction, motor mountings, reduction units and bearing 
units can be adapted to meet requirements of torque, available 
space, rigidity, operating conditions and service requirements. 
Although the units shown here are taken from agitator appli- 
cations, the principles involved are the same as and can be 
applied to almost any vertical shaft installation. The first part 
of this article, page 396 of Propuct ENGINEERING for September, 
1939, presented V-belt and gear-head motor drives. 


Compiled by H. D. SEYMOUR 


Monsanto Chemical Company 


Parallel gear- 
head motor. 













Bevel gears...... 
Thrust collar....---- 


Flange -mounted - -- ~ "|= 
bearing 


and gland 


Fig. 1—Transmission is from gear-head motor through bevel gears 
to shaft in this unit for medium or heavy duty, slow-speed service. 
Installation is compact, but exposed gears may be objectionable. 


/ 

/ 
Welded 
N ~- Packing box support 


and gland 





i 





Fig. 3—Shear pins are used in the bevel gear on the vertical 
shaft of this unit to prevent damage caused by overload or 
snagging. Drive, as in Fig. 1, is from parallel gear-head 
motor through bevel gears. In comparing with above, note 
the spacing of the bearings to increase shaft rigidity. 
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Motor Flexible coupling 
\ i 


Thrust collar. Right- angle 
N ' gear - head 
Thrust bearing, ^N, motor 











Flange-mounted "i i 
sleeve bearing 


a 
-= 


Bevel gears-..---- 






„Packing 
box and 


Fig. 2—Right-angle gear-head motor drives vertical 
shaft through bevel gears in this large, heavy-duty, 
slow-speed drive. Thrust collar supports shaft weight, 
and flange-mounted bearings provide rigidity. 


` 


ainia — Worm gear reducer 
with auxiliary spur 
gear reduction 


sai tn cnn ts Rigid coupling 


.~ flange -mounted 
sleeve bearing 


kasas Packing box 
and gland 


Fig. 4—Slow-speed, medium or heavy-duty drive. Motor is 
direct-connected to worm gear speed reducer with output 
shaft coupled directly to vertical shaft. Auxiliary flange- 
mounted sleeve bearing, suitable for slow speeds, provides 
additional rigidity. Frame is welded construction. 
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ERTICAL SHAFTS-II 


Worm gear reducer V-belt drive 
` a 
` 4 
` ' ef 
` ra 







Sliding motor base 
for belt adjustment 


Motor 
a , 
Rigid flange Motor support 
coupling.....-- frame... 


TT -- -IL_ Flange-mounted 
Sleeve bearing 


Grease deflector 
ring on shatt 


Fig. 5—A more compact installation than that of 
Fig. 4, the motor in this unit is mounted on the 
side of the supporting frame. Sliding base for 
motor, common for this type of mounting, facili- 
tates adjustments of V-belt drive. 







Worm gear 
reducer ....- 


_ Rigid-tlange 
P coupling 


__— Packing box 
a and gland 


d 

i D 

| 

: Fig. 7—V-belt drive from the motor to the worm gear 
reducer provides an additional speed reduction in this large 
à heavy-duty unit. Otherwise this installation is similar to 


Fig. 4 at left. Great rigidity is provided by the heavy welded 
construction of the supporting frame. 


aa RY. 


January, 1940 


bearing 


Motor Flexible Worm gear 
4 coupling reducer 
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bearing. _ TW pi <” support 
ts ; frame 
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| mounted ~ 
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1h bearing 














“>> -Rigid 


' 
' 
Foot coupling 


bearing 


‘ 
Herringbone 
gears 


I 
Support 
beams 


Fig. 6—Herringbone gears transmit power from pinion shaft, 
direct-connected to worm gear reducer, to main drive shaft 
in this unusual drive for a large, slow-speed, heavy-duty 
installation. Flange-mounted sleeve bearings are used 
throughout. Shear pin coupling on pinion shaft prevents 
damage to drive units. 


Motor Variable-speed „Flexible 
\ hydraulic coupling ,” coupling 
I 4 











__---Worm gear reducer 


Rigid flange 
coupling 


Packing box 
and gland 


Fig. 8—Hydraulic variable speed coupling is used between 
the motor and the worm gear speed reducer of this light or 
medium-duty drive. Coupling gives speed control in addi- 
tion to protection from overloads. No auxiliary bearing is 
used, the reducer bearings providing sufficient rigidity. 
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[Editors Note—Following the appear- 
ance of the first part of “Helical Spring 
Tables,” by Paul Klamp, in Propuct 
ENGINEERING for August 1939, Mr. Vic- 
tor Tatarinoff, who himself has contrib- 
uted spring design articles, initiated a 
discussion with Mr. Klamp on certain 
basic methods employed in developing 
the spring tables. The correspondence 
printed here presents some interesting 
points, both pro and con. | 


Selection of Permissible Stress 


Mr. TATARINOFF: Special attention 
should be called to the selection of values 
for permissible stress in torsion given on 
page 362. Permissible stress may be es- 
tablished on the basis of physical proper- 
ties of spring material (ultimate strength 
in torsion) and a reasonable factor of 
structural safety. Values of ultimate 
strength are supplied by material test- 
ing laboratories; factors of structural 
safety can be derived from practice, con- 
sidering the nature of the duty for which 
the springs are required. 

Mr. Klamp establishes three stress 
groups corresponding to certain sizes of 
spring material. 

Using a certain average of stress 
will give confusion results. Utilizing 
the data for high stress group (81,- 
000 lb. per sq.in.) 3% to 29 per 
cent deviations are unavoidable. Yet 
more striking results will be discovered 


0.04 0.06 


Question and C 





Discussion of Helical Spring Tables 


controlling the data of Table B on page 
364. The actual permissible stress of 
0.014 in. music wire is 325,000/3 = 
108,300 Ib. per sq. in. For largest size of 
spring material, 3/32 in., the stress will 
then be 236,000/3 = 78,700 lb. per sq. in. 
only, thus discovering a 37 per cent 
deviation. Ultimate strength, from the 
chart below, was divided by a safety 
factor of three in the above equations. 


Mr. Kriamp: Mr. Tatarinoff suggests 
that the load ratings and deflections 
should have been based on a different 
stress for each wire diameter listed. But, 
there are several reasons for employing 
the system of grouping the wire diame- 
ters and stepping down the stresses for 
each successive larger group. 

In the first place, a table of this kind 
should cover various spring wire mate- 
rials in order to be of practical value. 
Therefore, there is not much to be gained 
by using a different stress for each wire 
size, because this stress would represent 
a theoretical value for one kind of spring 
steel only. 


In the second place, the stress on 
which the dimensions of a spring with 
rapid reciprocation are based is not a 
set value for a given wire size that can 
be derived by using a definite safety 
factor. Such a procedure would fail to 
take into account the relation between 
stress range and permissible stress. 


0.1 0.2 
d, Inches 





Ultimate strength in torsion of common spring materials 
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In the third place, stepping down the 
stresses for groups of wire diameters 
corresponds to widespread practice in 
this country, as evidenced by “Standards 
for Spring Design” by W. M. Griffith, 
published in Propuct ENGINEERING, 
March and April 1937, and further by 
the spring tables published in data sheet 
form by Machinery in February 1938, 
compiled by J. I. Hommel of the West- 
inghouse Electric & Manufacturing 
Company. Many other publications 
recommend stresses without adjusting 
the stress to each wiré diameter, includ- 
ing catalogs published by leading spring 
manufacturers. 

Mr. Tatarinoff questions the use of 
the same stresses for wire diameters 
from 0.014-in. to 3/32 in. whereas, in 
the case of music wire, the ultimate 
torsional strength of 0.014-in. wire is 37 
per cent higher than that of 3/32-in. 
wire. However, out of a total number of 
about 430 springs listed, there are but 
eight with a wire size of less than 0.023 
in., for which in the case of music wire 
the safe stress could be up to 20 per 
cent higher than the maximum stress 
used in the table. 

Incidentally, safe stresses and safety 
factors are, by no means, absolute values, 
as illustrated by the fact that, among 
nine leading automobile manufacturers 
in this country, one was using a maxi- 
mum working stress as low as 60,000 1b. 
per sq.in., while another did not hesi- 
tate to go up to 83,000 lb. per sq. in., 
or 38 per cent higher. This difference 
between stresses for automobile valve 
springs is but one example of how spring 
users will not always accept one definite 
stress or safety factor, even for springs 
of similar nature. 


Deflection Correction 


Mr. Tatarinorr: Mr. Klamp has omit- 
ted to introduce the deflection correc- 
tion factor expressed by formula y = 
1 + 1/2c — 1/2c’, in which c = 2r/d. 
The actual deflection values will then be 
from 3 per cent (c = 15) to 10 per cent 
(c = 4) higher. 


Mr. Kiamp: Mr. Tatarinoff states that 
a correction factor for deflection was 
disregarded in Table B and cites a for- 
mula for this factor without giving its 
source. This formula actually would in- 
dicate errors as high as 10 per cent. 
But, such figures do not at all agree 
with facts. I like to refer to A. M. Wahl’s 


work on “Factors Affecting Accurate 
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Spring Selection,” published in Machine 
Design, August, 1939. Mr. Wahl has in- 
vestigated the Goehner formula, covering 
the correction factor for deflection, pub- 
lished in Germany in 1930, and shows 
that it agrees very closely with tests he 
has conducted, as well as with the find- 
ings of other authorities. But according 
to this verified formula, the deflection 
error for any spring listed in the new 
table is well under 1 per cent, thus hav- 
ing no importance for general purpose 
springs where the torsional modulus 
alone may vary several per cent, even for 
the same kind of material. 


Silico-Manganese Steel 


Mr. TATARINOFF: In studying the mate- 
rials indicated in the Table A, I have 
not found standard _ silico-manganese 
heat-treated steel having widespread use 
for manufacturing springs. (Shock ab- 
sorbers in railway cars, valve springs.) 


Mr. Kramer:  Silico-manganese _heat- 
treated steel was omitted from Table A 
because sufficient data on endurance 
limits for this steel were not found. For 
valve springs, spring manufacturers 
usually furnish their own special steel. 


Load Increase Factor 


Mr. TaTARINOFF: I am obliged to point 
out that the stress group subdivision for 
certain materials on basis of load in- 
crease factor i should be properly ex- 
plained, as no experienced spring de- 
signer will have the idea to reduce the 
permissible stress according to certain 
modification of spring preloading. It is 
difficult to understand why, for instance, 
the spring designer using carbon steel 
pretempered will be obliged to select 20 
per cent lower values of permissible 
stress at increasing factor i from 1.5 to 
1.667 (10 per cent only). 


Mr. Kramer: The load increase factor i 
is, of course, a direct expression of the 
stress range on which the permissible 
stress in a rapidly reciprocating spring 
depends. The relation between stress 
range and stress is shown by numerous 
test results reported by F. P. Zimmerli in 
Engineering Research Bulletin No. 26, 
July 1934, published by the University 
of Michigan. Further test data on the 
effect of stress range on safe stress were 
reported by E. W. Stewart in Propuct 
ENGINEERING, August 1936 and by W. M. 
Griffith in Propuct Encineertnc, March 
and April 1937. 

Stress recommendations accompanying 
the new spring tables were based on these 
test results, with the limitation that there 
is not a stepless change from one stress 
to the next lower or higher one. How- 
ever, it answers the purpose of enabling 
the designer of general type springs to 
take advantage of latest spring develop- 
ments and yet greatly reduce the time 
required for spring selection. 
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Short-Cut Mathematics 
Solves Flagpole Problem 


To the Editor: 


The solution of Kenneth W. Winkle’s - 


flag pole problem, as set forth in the 
December Propuct ENGINEERING can be 
made much easier by use of a few mathe- 
matical time-savers. 

Let the different sections of the pole 
be given the lengths a, b and c, as shown 


in the figure. Also let 10 = k, and 

100 = F’, for greater ease of handling 
the algebra. Then, 

b = a + k (1) 

b a b+c (2) 

a a+k . 

a+b+c=F (3) 


Eliminating b and c and solving for a 
in terms of k: 
b+c=F-—-a 
and 


b(a + k) 
h +c=- 
a 


Therefore, 
alk? — a) 
— Fa Je k 
Squaring this value of b and setting it 
equal to 5° from Equation (1), 
a? (k? — a) À 
ppr "ete 

Clearing this of fractions, multiplying 
out, collecting, and arranging the result- 
ing terms in descending powers of a 
gives: 

a(l + k) a + k(2 — k?) a@ + 2ka + k= 0 
Now substitute 10 for its equal, k: 
f (a) = 11 aè — 490 a° + 100 a + 500 = 0 

This is a rather mean cubic. It may be 
solved by several methods, but since prac- 
tical, rather than theoretical, results are 
desired I recommend an approximation 
method. 

We have a guide to the limiting values 
of a, the distance from the garage roof to 
the break in the pole. It cannot be 
greater than 45 ft., because if it were the 
top would not reach the ground. On the 
other hand, inspection of the figure sug- 
gests that (b + c) is probably not more 
than about 20 ft. greater than a, for 
which figure a would be 40 ft. 

The answer therefore probably lies 
between 40 and 45. Substituting 

a = 40,f (a) = — 75,500 
a = 45, f (a) = 15,925 

The hypothesis is right because the 
values are each side of zero, the theoreti- 
cally true result. 

A few more trials yielded f (a) = 61 
for a value of a = 44.32 ft. This is prob- 
ably close enough. 

These substitutions, incidentally, can 
be carried out conveniently and rapidly 
by the method of synthetic division, a 
short demonstration of which follows. 

First, set down along the top edge of 
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the sheet the coefficients of the polynom- 
inal in order of descending powers of the 
independent variable, with their signs. 
Then multiply the first coefficient by the 
value to be tried, set the product below 
the next coefficient and add. For ex- 
ample, to substitute a = 40, multiply 
40 x 11 = 440. Put this below —490, 
and add. Multiply remainder again by 40 
and add the product to the next coeffi- 
cient, and carry out for all coefficients: 


+11 —490 100 500 
+40 -2,000 -76,000 
—50 =1,900 =75,500 


which remainder is the value of the poly- 
nominal f(a) for a = 40. 

Any desired degree of accuracy may 
be attained, of course, by successive sub- 
stitutions. — LAURENCE F. SOUTHWICK 

Meriden, Conn. 


Inlay Actually Cuts Into 
Wall of Hard Plastic 


To the Editor: 


We read with considerable interest the 
article “Joining Metal and Plastics” by 
J. Earl Simonds in your November num- 
ber, particularly with reference to our 
Chilton process. We are not completely 
in accord with Mr. Simonds’ description 
of our process on page 495 of your No- 
vember number. 

He states that in the case of cellulose 
acetate parts the edges of the inlay cut 
into the plastic walls of the recess. He 
states in the next sentence that in urea 
and phenolic plastics, the inlay does not 
actually cut into the plastic material but 
causes it to be indented. The point to 
which we take issue is with reference to 
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the urea and phenolic substances. 

We have inlaid hundreds of thousands 
of units molded of all types of materials. 
The top inlay does interlock with the 
walls of the recess. The walls are not 
under-cut but are perpendicular to the 
floor of the recess. If the hard materials 
were only indented by the inlays, the in- 
lays would not stay permanently locked 
in the material—but they actually do. We 
have enough performance back of us now, 
so that we hardly see any grounds on 
which the facts may be disputed. 

—James J. Larmour 
Plastic Inlays, Incorporated 


Seeks Design Data 
On Steam Jet Ejectors 


To the Editor: 


We would appreciate it very much if 
you can advise us where we can obtain 
design data in connection with the 
thermo-compression of steam in jet 
ejectors. 

We have certain steam engines which 
exhaust into the dryers of paper ma- 
chines, necessary make-up steam being 
added to the dryer steam header through 
a reducing valve. 

We are considering the possibility of 
lowering the back-pressure on the en- 
gines, and thus increasing their available 
power, by feeding the make-up steam 
into the header through a steam jet ex- 
hauster which would serve the two-fold 
purpose of lowering the back pressure on 
the engine and increasing the pressure 
of the steam supplied to the dryers. 

Apart from general theory on the flow 
of steam through nozzles, we have been 
unable to locate any design data giving 
such essential information as the most 
effective proportions to adopt for the jets, 
best velocities of flow, angles of diffusion, 
and the pros and cons of multiple or 
single jets, efficiencies obtained, etc. 

We realize that the design of this 
equipment is to some extent a specialty 
but we have become so accustomed to 
look for, and to find, first class design 
data in Propuct ENGINEERING that we 
confidently ask for your assistance in this 
problem. —A CUNNINGHAM 

Price Brothers & Co. 





| Editor’s Note—Probably the most com- 
prehensive treatment of the theory be- 
hind thermo-compression will be found 
in the book “Steam and Gas Turbines,” 
by Prof. A. Stodola. However, even a 
comprehensive theoretical treatment such 
as appears in Dr. Stodola’s book or in 
any similar publication would be of little 
help in the actual design of such a unit. 
Experience is worth more than theory. 

There are several companies which 
specialize in the design and manufacture 
of such equipment. The most practical 
procedure would probably be to get in 
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touch with them, outlining the conditions 
of the problem, and getting from them 
their recommendations. 

This is our answer. We know it’s not 
a complete solution, but throw open the 
question to those of our readers who, 
because of their experience in this type 
of design, can offer a better answer. ] 


Air-Sealed Construction 
Of Stratoliner Cabin 


To the Editor: 


On page 537 of the December, 1939. 
number of Propuct ENGINEERING the 
Loeing 307 Stratoliner for high altitude 
flying is briefly mentioned. The para- 
graph states that the internal pressure of 
the cabin is kept above that of the air 
outside for greater passenger comfort 
when flying at altitudes up to 20,000 ft. 

I should think that the job of sealing 
the cabin would necessarily involve many 
interesting design features. For instance. 
all windows, doors, fittings where the 
controls pass through the cabin, etc., to 
say nothing of the fuselage itself, must 
be nearly perfectly air-proof to keep 
inside conditions really comfortable. 

Can you give me further information 
concerning the methods employed to 
maintain the pressure? 

—STEWART DICKINSON 
Detroit, Mich. 


|Editor’s Note—As Mr. Dickinson has 
correctly surmised, the cabin details of 
the Boeing 307 are indeed interesting. At 


altitudes of 13,000 ft., where the pressure 
is down around 8.6 lb. per sq. in., the 
atmospheric conditions begin to make 
most persons mentally drowsy and phys- 
ically sluggish. At altitudes of 20,000 ft. 
the pressure not only drops to about 6.7 
lb. per sq. in., but also the temperature 
drops to about 10 deg. below zero F. 
Therefore, in order to gain the advantages 
of flight at 20,000 ft., the cabin must be 
supercharged and heated. 

The fuselage of the Stratoliner, con- 
structed to withstand a pressure differ- 
ential of 6 lb. per sq. in., is round in cross- 
section, this being the best shape for a 
streamlined pressure vessel. Windows are 
extra-heavy to withstand the pressure, in 
some designs being of double-pane con- 
struction with each pane set in rubber 
gaskets. Doors close against soft rubber 
gaskets, and are screwed down tight. We 
have recently heard of a design in which 
the door is closed against a rubber tube, 
the seal being completed by pumping a 
few pounds air-pressure into the tube 
after closing the door. 

Fresh air, drawn through the leading 
edge of each wing, is compressed by two 
engine-driven superchargers and circu- 
lated throughout the cabin after being 
heated by means of freeze-proof con- 
denser type steam radiators. Spent air is 
discharged through an exhaust chamber 
below deck. Pressure regulating appara- 
tus automatically controls the supercharg- 
ers to keep the pressure differential at 
2% lb. per sq. in., which is sufficient to 
create an apparent altitude of 12,200 ft.. 
when the plane is 20,000 ft. high. | 





Can You Work This One? 


H. E. SMITH 


Solution to December problem— 


Alphabet Division 


If last month’s problem was done the 
hard way, the letters would be replaced 
by numbers to give this result: 


246) 61998 (252 
492 
1279 
1230 


498 
492 


6 


However, if the reader tried to guess the 
indispensable link between design engi- 
neers and production men, he perhaps 
would have immediately arrived at “blue- 
prints” which is the correct word formed 
by placing the letters in order of the 
numbers they substituted. 


This Month’s Problem— 


Brain Testers 


1. If a straight well could be bored 
through the center of the earth to China, 
and a pebble dropped from the exact 
center of the well at the surface of the 
earth, would the pebble strike the wall 
of the well, or would it pass unimpeded 
through the center of the earth? 

2. A bottle and a cork cost $1.05. The 
bottle cost a dollar more than the cork. 
How much did the cork cost? 

3. Find a whole number ending in 2 
which can be exactly doubled by merely 
removing the 2 from the right hand end 
and making it the first digit. 

4. If 3,001 digits are required in num- 
bering the pages of a book, how many 
pages are there in it? 

5. A fish weighs 10 lb. plus half his 
weight. How much does it weigh? 
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1,400,000-Volt X-Ray Tube Built 


For National Bureau of Standards 


Giant tube, to be used in extending high-voltage measure- 
ment work of Bureau, is constructed in ten sections 


-RAY DOSAGES greatly in excess 
of any now used by the medical 
profession can be produced by a new 
1.400.000-volt X-ray tube now being built 
by the General Electric Company for the 
National Bureau of Standards. The com- 
plete equipment, including one of the 
most powerful constant-voltage, d.c. gen- 
erators ever made, will be used for re- 
search work in the high-voltage field. 
The tube, rated at 1,400,000 volts and 
10 milliamp., is composed of ten sections 
of 140.000 volts each. It is mounted 
vertically and the envelope, consisting 


Assembling doughnut-shaped corona shields on three top sections of giant X-ray tube 
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of ten glass cylinders placed end to end, 
will be mechanically shielded against 
breakage turoughout its entire length. 
For the satisfactory operation of the 
tube it is essential that all of the elec- 
trons leaving the cat! ode should reach 
the anode 24 ft. below—in other words, 
that none of the electrons should strike 
either the glass walls of the tube or the 
various metal accelerating electrodes. 
This necessitates not only starting the 
electrons in the right direction, but 
guarding them from the deflecting action 
of external electrostatic or magnetic 








fields. It also necessitates the attain- 
ment throughout the length of the tube 
of a high degree of symmetry. 

Construction of the tube permits a 
unique method of applying energy to 
the electron beam after leaving the cath- 
ode. Starting at zero velocity, the beam 
is accelerated through the first section of 
the tube to 140,000 electron volts velocity. 
As it passes through each section of the 
tube it receives an additional voltage 
kick of 140,000 volts which gives it a 
final velocity of about 180,000 mi. per 
sec. and the energy it would have had 
it been given a single 1,400,000-volt 
kick. The tube can be operated at any 
lower voltage down to 300,000 volts. 

The high-voltage generator furnishing 
power to the tube is composed of step-up 
transformers, capacitors, and kenotron 
rectifier tubes. It also has ten sections, 
each one connected to a section of the 
X-ray tube. The generator forms a stack 
32 ft. high and 5 ft. in diameter. Corona 
shields of spun aluminum surmount the 
tops of the tube, the generator, and the 
resistance stack. Also, around each sec- 
tion of the tube and generator a dough- 
nut-shaped corona shield is placed. 

The new device will serve several 
important purposes at the Bureau. It will 
be employed to measure and set stand- 
ards for X-ray dosages higher than those 
now medically available. The same high- 
voltage generator, with another multi- 
section tube, can later be used for the 
production of neutrons and artificial 
radioactivity. It can also be used to ex- 
tend other high-voltage measurement 
work of the Bureau to higher levels. 


Vibrationless Engine 


Demonstratedin Sweden 
ONE-CYLINDER DIESEL engine 


designed with a radically new prin- 
ciple of vibration compensation has just 
been demonstrated in Sweden, according 
to a report to the Department of Com- 
merce. The 10-hp. experimental engine, 
which successfully operates with prac- 
tically no vibration, is regarded by Swed- 
ish experts as a most important step in 
the development of a completely vibra- 
tionless reciprocating engine. 

The newly developed Swedish motor 
is a single-cylinder, theoretically com- 
pensated engine. The main part of the 
motor body serves as the compensating 
agent, having been transformed into a 
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Lektromesh metal sereen, electro- 
formed into smooth metal mesh, is con- 
tinuously stripped from this cylinder 
matrix in rolls up to 36 in. wide and 
1,400 ft. long. The new screen, produced 
in nickel, copper and other materials, 
can be readily fabricated by drawing, 
stamping, expanding, welding or solder- 
ing. Any desired design can be made in 
sizes from 25 to 400 mesh, with openings 





ranging between 15 and 50 per cent total 


area. The design is transferred to the 
cylinder matrix by a succession of sensi- 
tizing, etching, filling and surface treat- 
ing steps, such that the cylinder will re- 
ceive the electrodeposit uniformly only 
where desired. Developed by C. O. Jelliff 
Mfg. Corp. to supplement wire screen, 
Lektromesh has already been applied as 
fuel strainers and radio speaker screens. 





mobile counter-balance for the piston 
movements. Both the reciprocating and 
the rotating parts and the power im- 
pulses from the one-cylinder engine are 
theoretically and practically given per- 
fect compensation. 

In contrast, the majority of efforts in 
the direction of vibrationless engines 
have tended toward construction of multi- 
cylindered machines in which the moving 
parts of the various cylinders compensate 
each other in the greatest possible degree. 


Effect of Crystal Size 
In Bearings Discussed 
PTIMUM VALUES of rate of wear 


and equilibrium pressures are ob- 
tained in bearings which have a very 
small crystal size, states a paper pre- 
sented by John R. Connelly at the Annual 
Meeting of the American Society of Me- 
chanical Engineers. The results of in- 
vestigations conducted on a high lead 
bearing metal indicate that, in the future. 
all bearings of this metal should be de- 
signed to make use of some type of insert 
that can be cooled rapidly upon pouring 
so as to produce small crystals. In cor- 
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roboration of the results, it was pointed 
out that the automobile industry at pres- 
ent produces bearing inserts by a tech- 
nique which gives very small crystals 
having a linear dimension in the order 
of 0.001 in. 

The bearing metal selected for the in- 
vestigation is one commonly used in in- 
dustry. Its approximate composition is: 
lead 76 per cent, antimony 15 per cent, 
and tin 9 per cent. In the tests, both the 
chemical composition and the size of the 
specimen were kept constant. The crys- 
talline structure was varied and the re- 
sulting changes in wearing properties 
were determined. 

The test procedure consisted of press- 
ing a machined flat surface of the speci- 
men against a steel cylinder rotating in 
oil. A cylindrical groove was worn in the 
alloy. and as the contact changed from 
a line to a progressively larger area, 
measurements were taken to determine 
the volume of material removed per 
length of travel of the cylinder’s surface. 

Of possibly greater importance than the 
specific results on the effect of crystal 
size are certain implications in connec- 
tion with fundamental analysis of a jour- 
nal-lubricant-bearing combination. The 
present concepts of thin-film lubrication 


take no account either of the material or 
crystalline structure of the mating sur- 
faces. A theoretical explanation of wear 
should wait on further research in the 
field of thin-film lubrication, and the ex- 
planation should be developed independ- 
ent of the data in the range of thick-film 
lubrication. 


Cross-Sectional Areas 


Of Structural Members 


RRORS which may creep into 

the measurements of cross-sectional 
areas of modern lightweight structural 
members call for a number of unusual 
precautions, a recent paper published in 
the Journal of Research reveals. 

In introducing new types of construc- 
tion, involving in many cases new ma- 
terials and new methods of fabrication, 
the design engineer is guided by the 
stresses obtained from laboratory tests. 
These stresses, if they are based on the 
nominal cross-sectional areas, may be 
subject to an uncertainty of several per 
cent. For example, a thickness tolerance 
of 0.002 in. amounts to 5 per cent for 
sheet metal 0.04 in. thick. An accurate 
value of cross-sectional area will reduce 
this uncertainty and make possible more 
efficient design. 

The cross-sectional areas of many of 
the lightweight members used in aircraft 
design cannot be obtained accurately 
from measurements of the cross-sections, 
because of their size or shape. In such 
cases, the average area can be obtained 
by a volumetric method wherein the vol- 
ume of the member is divided by the 
length. The volume can be obtained by 
dividing the weight of the member by the 
density of the material, or by immersing 
it in a liquid. 

If the area varies from section to sec- 
tion, the area of a given cross-section 
can sometimes be obtained from the aver- 
age area of a short specimen taken from 
that location. 


New Process Produces 


Stainless Clad Sheets 


NEW COMPOSITE METAL was 

recently introduced into the market 
now occupied by tin plate and galvanized 
sheet and plate, with the announcement 
of the Kinkead process for alloying the 
surfaces of carbon steel sheets and 
shapes with coatings of stainless steel or 
other metals. 

Briefly, the process consists of fusing 
the alloying metals into the surface of 
an ingot or slab of carbon steel in an arc 
welding machine developed by R. E. Kin- 
kead and manufactured by the United 
Engineering and Foundry Company. As 
an example, in producing a 17 per cent 
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chromium surface, a - predetermined 
amount of powdered ferro-chrome is 
sprinkled on a slab. Furnace slag is 
spread over that to prevent oxidation, 
and heat from a carbon arc fuses the 
metals. A special acid bath removes 
scale before the slab goes for final 


rolling. 
Alloyed coatings of molybdenum., 
nickel, titanium, or silver can be pro- 


duced in the same way, in practically 
any thickness desired up to 10 per cent 
total thickness. Principal uses foreseen 
for the new composite metal are in rail- 
road rails, which must be tough and 
hard at the same time; all types of 
kitchen and laundry equipment; air 
ducts; roofing; and many other similar 
products. 

Since no large scale production has 
been started, it is too early to predict 
just how the material can be adapted to 
high-speed fabrication methods. Research 
to date shows little difficulty in deep 
drawing, cold reduction, welding, solder- 
ing. pickling or polishing. 


Patent Practices 
To Be Investigated 


ERTAIN “economically unsound” 

applications of patent rights. 
claimed to be evasions of Federal anti- 
trust laws, will be attacked by the De- 
partment of Justice in a program an- 
nounced by a recent report. Attorney 
General Frank Murphy has authorized: 
(1) a general investigation. conducted 
primarily through a grand jury to be 
convened in New York, of the use of pat- 
ents, and patent agreements by which 





Meetings 


SOCIETY OF AUTOMOTIVE ENGINEERS 
Annual Meeting and Engineering Dis- 
sien. Book-Cadillac Hotel. Detroit. Mich.., 
January 15-19. John A. C. Warner, secre- 
tary, 29 West 39th St., New York, N. Y. 


AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS—Winter Convention, New 
York, N. Y., January 22-26. H. H. Hen- 


line, secretary, 29 West 39th St., New 
York, N. Y. 

AMERICAN Society oF HEATING AND 
VENTILATING ENGINEERS—Sixth Interna- 
tional Heating and Ventilating Exposi- 
tion, Lakeside Hall. Cleveland, Ohio. 
January 22-26. Charles F. Roth, Grand 
Central Palace, New York, N. Y. 

NATIONAL SOCIETY OF 
Encineers—Fifth Annual 
Netherland Plaza Hotel. 
Ohio, January 25--27. 
chairman, 7 W. 6th St., 


PROFESSIONAL 
Convention, 
Cincinnati, 
Edward Larson, 
Cincinnati, Ohio. 
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certain industries in the United States 
are controlled and dominated by one or 
several large companies; (2) an equity 
suit against 12 corporations engaged in 
the business of producing glassware ma- 
chinery and glass containers. 

It is claimed that facts now in the pos- 
session of the Department indicate that 
patent rights have been used in general 
to restrain trade and eliminate competi- 
tion. By reason of these practices, arbi- 
trary and artificially high and rigid prices 
have been maintained in certain indus- 
tries, the report states. 

Congress is given the power to grant 
the patent privilege “to promote the 
progress of science and useful arts” and 
legislation authorizing the issuance of 
patents is the mere instrument through 
which the constitutional purpose is 
reached. The Department believes that 
the abuses of patent rights frustrate this 
constitutional purpose, and run counter 
to the policy of the antitrust laws. 

The complaint in the equity suit 
charges that 12 glass corporations have, 
in violation of the Sherman Act and the 
Clayton Act, combined and conspired to 
restrain trade and secure a monopoly in 
machinery for the production of glass- 
ware in patents covering such machinery 
and that as a consequence competition 
has been stifled and the price of glass 
products artificially increased. 

If the facts charged in this case are 
established as a violation of the anti- 
trust laws, it is expected by the Depart- 
ment of Justice that there will be a re- 


Electrons entering a salt crystal form 
the heart-shaped cloud effect in this 
image being projected by Westinghouse’s 
Dr. L. J. Berberich. The crystal has been 
heated to a temperature of 1,200 deg. F. 


storation of competition in the glass ma- 
chinery and container business. This 
field, states the report, will then be 
opened for the employment of additional 
capital and labor; prices and production 
will be established on a competitive 
basis; the stimulating effects of competi- 
tion should be felt in the field of re- 
search and technological advancement. 

Further details of the present patent 
situation will be given in articles by Karl 
Fenning, formerly Assistant Commis- 
sioner of Patents and now Editor of U. S. 
Patents Quarterly. 





Do You Know That— 


PHOTOELECTRIC CONTROL TUBES have 
been applied to four-color printing proc- 
esses to keep the color register within 
tolerance limits at operating speeds of 
1.000 ft. per min. (1) 


GERM-KILLING ultra-violet lamps are 
being tried out in air-conditioning sys- 
tems. Investigations show that one 15- 
watt lamp can sterilize 200 cu. ft. per 
min. of air in a duct of non-reflecting 
material. (2) 


A THIN FILM OF GOLD as the founda- 
tion upon which is deposited the fluores- 
cent material will improve the brightness 
of television images. The gold film has 
the same color as the light emitted by 
the willemite, and attracts the electrons 
so that they strike the screen with 
greater force. (3) 





in a special electric furnace. Electrons 
reveal their presence as a reddish mass, 
as their vibrations absorb all but the red 
and violet colors of the white light passed 


through the crystal by the projector. 


39 











New Materials and Parts 






Sealed Micro Switches 


Synthetic rubber seals and gaskets on 
these precision milli-break switches give 
positive protection against dust, mois- 
ture or oil which would impede the free 
movement of the plunger under light 
pressures. On the bottom of the switch 
where it is open for electrical connec- 
tions, a flat gasket of synthetic rubber 
is used. Screw holes are sealed by lead 
washers. A flexible synthetic rubber gas- 
ket shaped like a bellows, fastened to 





the top of the plunger and to the hous- 
ing of the switch, allows the plunger to 
operate freely in the switch housing. 
The special shape and composition of 
the bellows gives a flexibility which does 
not affect the sensitivity of the switch. 
Micro Switch Corp., Freeport, Ill. 


Speed Increasers 


New line of speed increasers is de- 
signed for operating centrifugal pumps. 
high-speed blowers, compressors, and 
for pipe-line service. Speed increasers 
can be supplied for either right- or left- 
hand assembly. Sleeve bearings have 
been designed to provide low unit pres- 
sures and to assure permanent alignment 
with minimum friction loss. Lubrication 
is accomplished by a self-contained cir- 
culating oil system. Gears are spray- 
lubricated at the line of contact; all 
bearings are under pressure lubrication. 
Frames are split horizontally to permit 
easy access to all internal parts, and 
each unit has an easily removable in- 
spection plate. Average efficiency of 
these units is better than 96 per cent. 
Standard gear ratios vary from 2 to 1 
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to 12 to 1, and these new units are avail- 
able in ratings of from 1 hp. per 1,000 
r.p.m. of the high-speed shaft to more 
than 1.800 hp. per 1,000 r.p.m. Westing- 
house Electric & Mfg. Co., East Pitts- 
burgh, Pa. 


Bearing Cartridge Units 


Featuring the same advanced design 
as other Sealmaster units, these new 
self-aligning ball bearing cartridge units 
have a centrifugal labyrinth seal which 
effectively seals the bearing from all 
foreign materials in the atmosphere and 
retains lubricant. Misalignment of the 
shaft cannot interfere with the effective- 





ness of the seal, for the outer race is 
ground on radius and locked in ground 
housing socket. Locking nipple permits 
2 to 4 deg. misalignment in any direc- 
tion. Wear or glazing of felts is posi- 
tively avoided as they are assembled 
without pressure. Stephens-Adamson 
Mfg. Co., Aurora, Ill. 


Stay-On Safety Nut 


Designed and manufactured for indus- 
tries whose fastening problems are made 
more difficult because of shock and vi- 
bration, this nut has a positive and 
automatic locking action which does not 
depend upon special threads, springs, 
pins or other extra parts. The locking 
portion of the nut consists of a raised 
crown section, slotted perpendicular to 





the axis of the nut. This section is dis- 
torted so as to form an elliptical ring 
section. The nut is double heat-treated 
to give the crown a permanent set and 
tough resilient spring characteristic 
upon which the locking action depends. 
Gripping action of the crown on the 
bolt produces friction necessary to pre- 
vent the nut moving on the bolt. Nut can 
be applied repeatedly without loss of 
locking action and without harming the 
bolt threads. Lamson & Sessions Co., 


1971 W. 85th St., Cleveland, Ohio. 


Sight Oil Window 


Improved visibility is afforded by a 
new type oil window for general use in 
connection with oil reservoirs, contain- 
ers and lubricators. The assembly con- 
sists of chromium-plated ring with pol- 
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ished face pressed flush, window, gas- 
ket, and cup, all fitted snugly into a 
metal pocket. Drilled openings at top 
and bottom of cup permit free passage 
of the oil. Bright aluminum background 
of the cup acts as a reflector to give 
sharp visibility of the oil level. The 
self-contained unit is conveniently in- 
stalled in a simple bored opening readily 
provided in the design of the machine 
casting or part. Standard sizes are 34 in., 
lve in., lve in., specified according to 
diameter of reflector. Special assembly 
tool is provided. Bijur Lubricating Corp., 
Long Island City, New York. 


Automatic Release Clutch 


Overload release for protection to 
mechanical parts is a feature of this new 
clutch, which can be set to transmit 
any torque from zero to its rated capac- 
ity. The clutch is engaged in the regular 
manner of disk clutches and smoothly 
transmits the load until an obstruction 
or excessive torque is encountered, When 
subject to overload, the clutch imme- 
diately slips. After slipping for one- 
half a revolution, it automatically dis- 
engages itself. If so desired, it can also 
operate a limit switch and disconnect 


= 
x 
am 
> 
a 
= A 
p 
z= 
>> 
eS 
A 
aT 


oO; 
eat 


Os 


January, 1940 


electrical equipment. Adaptable to a 
variety of machines and conveying sys- 
tems where an obstruction can cause 
costly damage to some machines. The 
Conway Clutch Co., 1543 Queen City 
Ave., Cincinnati, Ohio. 


Visible Flow Fitting 


Designed for any purpose where visual 
inspection of the flow of fluids under 
pressure is desired. The body of this 
visible flow fitting is of cast iron and 
the window-frame is of steel. Windows 
are made of Pyrex glass, and are 414 in. 
in diameter for all sizes. Fitting is 
flanged for installation in the line and 
all sizes measure 1314 in. between fin- 
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ished surfaces. Available in six sizes for 
21⁄4, 3, 4, 5, 6, and 8 in. lines. Cochrane 
Corp., l7th St. and Allegheny Ave., 
Philadelphia, Pa. 


Extrusion Process 


For Cemented Carbide 


Carboloy cemented carbide can now 
be produced in the form of tubing, spi- 
rals, and round or shaped bars by means 
of an extrusion process. The rods, spi- 
rals and tubes are available in lengths 
up to 20 in. and within a diameter range 
of 0.015 in. to 3g in. The tubing can be 
made as small as 0.06 in. outside diame- 
ter by 0.03 in. inside diameter, leaving 
a wall thickness of 0.015 in. By means of 
a supplementary process, the cemented 
carbide rods and tubing can be bent to 
















various shapes. With the new processes, 
parts can be formed directly into de- 
sired shapes, eliminating most of the 
customary hand-forming operations. 
Carboloy Co., Inc., 11185 E. 8 Mile Road, 
Detroit, Mich. 


Porous Bronze Retainers 
Lubricate Ball Bearings 


For specialized applications, new ball 
bearings incorporate retainers made of 
oil-impregnated die-pressed bronze. 
Porous structure of the retainer forms 
a reservoir for the retention of as much 
as 25 per cent of its volume of oil. The 
oil is fed from the retainer at the cor- 
rect speed for proper lubrication, but 
not sufficiently fast to cause leakage. 
In sub-zero applications, where even 
light grease will harden and cause ex- 
tremely high starting torque, these bear- 
ings provide a minimum of drag. Fafnir 
Bearing Co., New Britain, Conn. 


Unbreakable Mercury Switch 


Recently improved Durakool metal 
mercury switch features double reduc- 
tion, which prevents deterioration of the 
mercury, eliminates possibility of con- 





tact interruptions, increases efficiency 
and reliability of operation. Silent, un- 
breakable, non-inflammable, Durakools 
are available in sizes up to 200 amp. 
capacity and operate on small tilt with 
little energy. The improved mercury 
switch allows many new applications 
ranging from wall switches to motor 
starters, and is now in use on electrical 
devices requiring from a few operations 
per month to 2,400 per min. Durakool. 
Inc., Elkhart, Ind. 


Drawing Instruments 
Made in United States 


American-made drawing instruments, 
called Minusa instruments, are devel- 
oped for straight line production. They 
have a slender rounded taper construc- 
tion designed to produce excellent bal- 
ance and a maximum of strength. Use 





of a special hard rolled nickel silver 


stock lends unusual rigidity to com- 
passes, dividers and springbows. Care- 
ful hand fitting of all moving parts in- 
sures smooth, even action. Except for the 
hand fitting operations, Minusa instru- 


ments are made by modern machine 
production methods throughout, actu- 


ally improving on handmade instruments 
imported from Europe. Available in 
complete 10-piece sets. Keuffel & Esser 
Co., Adams & Third Sts., Hoboken, N. J. 


W orm-Helical 
Speed Reducers 


These new worm-helical speed reducers 
are designed for continuous operation 
coupled directly to electric motors. Steel 
worms are case-hardened and ground. 
Worm gears are of chill cast nickel alloy 
bronze. Low-speed helical gears are of 
manganese alloy cast steel, heat-treated. 
Each unit is supplied with an oil pump 
mounted on the rear worm bearing 
cover plate, and driven directly from 
the worm. Unit can be furnished in 
many mounting styles and in various 
standard assemblies. Also available are 
different styles of bearing mountings for 
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the vertical low-speed shaft. Ten sizes 
of standard worm-helical reducers are 
available, each with 15 standard speed 
ratios ranging from 40 to 1 minimum to 
approximately 250 to 1 as the maximum. 
Resulting range of capacities covers 
practically the entire industrial field. 
W. A. Jones Foundry & Machine Co., 
4401 Roosevelt Rd., Chicago, Ill. 


Aluminum Alloy Bearings 


A new aluminum alloy automotive 
bearing has outstanding advantages of 
high fatigue strength which is many times 
that of conventional bimetallic bearings 
used for the same purpose; high resist- 
ance to corrosion; and economical con- 
struction. In tests recently made, the all- 
aluminum bearings were shown not only 
to have a superior resistance to fatigue, 
but also were found to be satisfactory 
as far as friction is concerned. The alu- 
minum bearing is not difficult to fabricate 
and can be finished by customary meth- 
ods. Use is at present limited to engines 
for commercial vehicles which have hard- 
ened shafts and which operate at rela- 
tively lower speeds at the bearing sur- 
faces. Aluminum Co. of America, Pitts- 
burgh, Pa. 


Drafting Light 


This new No. 1810 drafting light is 
of the fluorescent cold daylight type. It 


provides the required light intensity. 


makes color matching easier, and is 
cooler and easier on the eyes of the 





draftsman. Special 44-in. reflector gives 
full range lighting over the drawing 
board, and eliminates the eyestrain which 
results from the contrast between light 
and shade. It can be set and locked at 
any angle, or it can be pushed back out 
of the way. The unit is finished in black 


crystalline enamel. Hamilton Mfg. Co., 
Two Rivers, Wis. 


Transformers 


High full load operating efficiency is 
maintained in this entirely new line of 
air-cooled transformers through design 
and construction features such as full 
air draft external ventilation, specially 
wound hand finished coils insulated be- 
tween layers with high dielectric strength 





insulating materials, cores of thin gage 
low loss steel. The balanced proportion 
of core and coil, and general design ma- 
terially increase the operating efficiency. 
Three separate streamlined models cover 
all standard voltage characteristics from 
34 to 10 kva. Acme Electric & Mfg. Co., 


Cleveland, Ohio. 


Geared Motors 


Type KD is a heavy-duty, double- 
reduction geared motor with output at 
armature shaft of approximately 1/10 
hp. at 7,000 r.p.m. Gear unit bearings 
are of composition bronze lubricated by 
light grease bath. Housing is of cast 
iron, finished in black wrinkle enamel. 
Motor is mounted by means of a ma- 
chined face, a pilot boss and four tapped 
holes around the output shaft. Gear- 
ing is of the worm type, with hardened 
steel worms functioning with a bakelite 
gear in the first stage and a hardened 
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steel gear in the second stage. Available 
in six standard ratings with ratios rang- 
ing from 99:1 to 1,024:1, for either a.c. 
or d.c. Dumore Co., Racine, Wis. 


Pilot Controlled Valve 


Designed for semi-automatic control. 
full automatic control, or remote control 
of double acting air cylinders, this new 
air-operated valve is actuated by pilot 
controls. These pilots are made in vari- 
ous designs to meet immediate control 
demands for hand, foot, or mechanical 
action with a push, cam, toggle or other 
desired movement. Although this new 
air-actuated valve is different in design, 
it retains the same fundamental poppet 
construction features, with its air seal 
and rapid action advantages, that are 





used by the entire line of Ross air valves. 
The new system is especially well suited 
to manufacturing problems calling for a 
series of successive operations demand- 
ing rapid and accurately timed progres- 
sive movements. Ross. Operating Valve 
Co., 6490 Epworth Blvd., Detroit, Mich. 


Roller Chain 


Channel-lubricated roller chain is a 
design which retains the self lubricating 
features of Morse roller chain and is 
completely interchangeable with all 
other standard roller chain. Oil applied 
on the outside surface of the rollers 
of any roller chain will seep under rollers 
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and lubricate inner roller surfaces turn- 
ing on the bushings. The difficulty in 
getting oil past the bushing to the core 
of the joint is overcome in this chain 
by diagonal channels rolled into the 
stock which extend through the side 
plates of the bushing link. The channels 
become in effect small pumps which lit- 
erally force oil to all wearing parts of 


the chain. Rollers are hardened and 





ground, turned out of solid bar stock 
alloy steel to attain greater accuracy 
and wearing strength. The cross section 
of the side plates has been increased. 
Morse Chain Co., Ithaca, N. Y. 


Enamels for Plastics 


Kem Plastite enamel is especially 
formulated for finishing plastic mate- 
rials. Tests on a wide variety of plastic 
formulations indicate that this finish 
withstands severe abrasion and impact 
without marring or chipping. Another 
finish of similar properties. known as 
Kem Bakolescent enamel, gives a beau- 
tiful rich opalescent finish which can 
be baked without occurrence of un- 
sightly flooding. Advantages claimed for 
the use of color finishes on brown plastics 
in place of using color plastics are three- 
fold: First, there is a very considerable 
saving in spray applying colors to the 
cheaper brown plastic material. Second, 
the appearance is generally superior, and 
richer colors are possible. Third, manu- 
facturers are enabled to produce all plas- 
tic objects in the one cheaper compound 
and spray on whatever color is in current 
demand. Sherwin-Williams Co., Cleve- 


land, Ohio. 


Small Blueprint Machine 


Baby Blue desk unit is only 34 in. 
long and 8 in. wide, and weighs but 


15 lb. The unit prints black and white 





prints as well as blue prints. Printing 
capacity is 10x18 in. Source of light is 
a tubular lamp which insures even dis- 
tribution of light. The unit, finished in 
natural polished gumwood, is equipped 
with a time-switch so that the operator 
can perform other tasks while the print 
is being exposed. Vandenwood Co., 2900 
Euclid Ave., Cleveland, Ohio. 


Magnetic Starter 


Type M-2 magnetic starter is particu- 
larly suitable for the machine tool and 
allied industries which require that 
starters for motors up to 2 hp. provide 
under-voltage protection and be elec- 
trically interlocked with other starters. 
Consists essentially of a 3- or 4-pole 
contactor with two hand or automatic 
reset isothermic temperature overload 
relays mounted on the contactor frame. 





Contacts are double-break, silver-tip. All 
parts including contacts and coils are 
easily removable. Base is of non-hygro- 
scopic molded material. Trumbull Elec- 
tric Mfg. Co., Plainville, Conn. 


Black Plating Process 


Described as producing a lustrous, 
black electrodeposit superior in 
color to any before known, this new 
process is based on a combination of 
molybdenum and nickel, available in 
plating salt form. Deposits are sufficiently 
black to escape color refraction under 
an intense beam of light in a dark room. 
Known as “moly-black,” the process 
operates at a high rate of deposition at 
low current densities, twenty times more 
rapidly than nickel under identical condi- 
tions. Its throwing power is higher than 
any other plating system, giving deposits 
of uniform thickness even in deep irreg- 


deep 
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ular recesses. Applicable to bases of zinc; 
aluminum; cadmium electroplated on 
brass, iron or steel; tin; nickel; and steel 
or iron. Coating works well over any of 
the suggested base metals, particularly 
as a decorative finish for indoor use. For 
outdoor use, the black plate should be 
deposited over an undercoating of cad- 
mium, after which it should be lacquered. 
Deposits are of low density, with a maxi- 
mum thickness of 0.002 in. E. I. du 
Pont de Nemours & Co., Wilmington, Del. 


Automatic Transfer Switch 


For automatically connecting a light- 
ing or power load to an emergency 
source in case of failure, this automatic 
transfer switch is of the spring gravity 
drop-out type. Contacts are copper to 





copper, and they operate with a rolling 
and wiping action. Compression springs 
provide required contact pressure and 
permit quick opening. The entire switch 
is compact in construction, and any part 
can be inspected or replaced without dis- 
turbing other parts in the assembly. Can 
be mounted in any position. The switch 
will transfer when the voltage of the cir- 
cuit drops to 70 per cent, or less, and 
will restore the load to the normal source 
when the voltage reaches 90 per cent. The 
unit is available in current capacities 
from 30 to 300 amp. for all standard 
voltages. Mounted on ebony asbestos 
panel, with or without cabinet. Back- 
connected switches can be supplied. 
Zenith Electric Co., 845 S. Wabash Ave.. 
Chicago, Ill. 


Float Switch 


New Bakelite-inclosed, lever-operated 
float switch is designed particularly for 
use with sump pumps or cellar drain- 
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ers. A positive wiping action on the con- 
tacts is provided to eliminate pitting and 
burning. Wiring is accomplished by 
fastening four leads to three terminals, 
one terminal providing a common con- 
nection. Known as the Sumptrol, it is 
conveniently mounted by means of two 
screws through the integral flange. Elec- 
trical rating is 1 hp., 110 or 220 volts 
a.c.; Y% hp., 115 or 230 volts d.c. Square 
D Co., Detroit, Mich. 


Photoelectric Limit Switch 


This new low-cost control is a simpli- 
fied photoelectric unit, ruggedly con- 
structed, suitable for installation in heavy 
industries where exacting conditions of 
vibration, humidity and high tempera- 
ture are encountered. Type A14B limit 





switch is supplied with light source and 
weatherproof housing suitable for in- 
stallation in any location. Type A20C 
limit switch operates directly from the 
light given off by red-hot metal of any 
shape. The switch controls and limits 
the motions of heavy objects, such as bil- 
lets and sheet steel, cranes and hoists. 
and red hot rods. Photoswitch Inc., 21 
Chestnut St., Cambridge, Mass. 


Connectors 


These connectors are available for use 
with aluminum, brass, copper and steel 
tubing, in sizes ranging from 1% in. to 
2 in., for various adaptations. This type 
of connector employs a compression 
joint which is sealed both inside and 
outside with the ends of the tubing 


fy 
{ 


flared to a 20-deg. angle. This provides 
a long flare which makes certain an 
absolutely tight seal with the tubing 
wedged between the self-aligning com- 
pression nut and the fitting. Leaks or 
breaks caused by the fitting cutting into 
the flared part of the tubing are im- 
possible. Fittings can be loosened and 
tightened any number of times without 
injury to the tubing. Superseal Corp., 
300 Fourth Ave., New York, N. Y. 





Fan Assembly 


Rigidity of the blades in this sturdy 
six-blade fan assembly is achieved by 
the use of hardened steel, giving the 
necessary strength and weight for extra- 
heavy duty. The blades are perfectly 
balanced by weight before they are as- 
sembled, requiring no drill-outs, no 
slugs nor any filling to make the as- 
sembly balance. The blades are heavy 
enough in construction to be used either 





for direct or belt-drive application. The 
assembly will be manufactured in sizes 
from 30 in. to 72 in. William J. Lohman, 
Inc., 62 Ninth Ave., New York, N. Y. 
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Books and Bulletins 








Problems in Mechanics 


G. B. Karetitz, J. ORMONDROYD AND 
J. M. GarreELts—271 pages, 6 x 9 in, 
Clothboard covers. Published by Mac- 
millan Co., 60 Fifth Ave., New York, 
N. Y. Price $2.50. 


This volume contains a collection of 
problems covering statics, kinematics 
and dynamics, which are based on the 
original collection of the late I. V. 
Metschersky, of the Polytechnic Institute 
of St. Petersburg. The volume begins 
with a section of 50 pages giving a brief 
outline of the principles and theorems 
used in solving the 782 problems which 
follow the resume. 

In the section devoted to plane statics 
are problems on trusses and cables. Prob- 
lems on the first and second moment of 
areas are included in the part covering 
centers of gravity. Problems covering 
the kinematics of a point and of a rigid 
body in rotation about a fixed axis and 
motion parallel to a fixed plane are fol- 
lowed by problems in relative motion of 
a point and in composition of rotations 
of a rigid body. 

Other problems deal with the applica- 
tion of Newton’s differential equation to 
the motion of particles and to rotation 
and plane motion of rigid bodies. Special 
sections on bearing reactions, vibration, 
oscillation and impact are included. 


Mills’ Materials of Construction 


Epitep BY LLoyp F. Raper—Fifth Edi- 
tion. 564 pages, 644x914 in. Maroon 
clothboard covers. Published by John 
Wiley & Sons, Inc., 440 Fourth Ave., New 
York, N.Y. Price $4. 


Now in its fifth revision, this book is 
useful to the designer who desires a con- 
cise, general text covering manufacture, 
properties and applications of engineer- 
ing materials. The original 1915 edition 
was an outgrowth of Prof. Mills’ engi- 
neering courses at Cornell and was re- 
vised in its second, third and fourth edi- 
tion by Prof. Hayward of the Massachu- 
setts Institute of Technology. 

In bringing the book up-to-date, new 
chapters on organic plastics and organic 
protective coatings, glass brick, alloy cast 
irons, and a more extensive treatment of 
metallography have been included. Revi- 
sions have been made in the chapters on 
wrought iron, malleabilizing process, 
welding, copper ore extraction, properties 
and uses of non-ferrous metals including 
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the die-casting alloys, and alloy steels. 

The book is divided into eight sections: 
definitions; metals; cementing materials; 
concrete and stone; heat insulating and 
refractory materials; and organic mate- 
rials. Copious references are furnished 
with each chapter. The value of the book 
is further enhanced by the inclusion of 
considerable tabular and graphical 
matter. 


Public Speaking for 
Technical Men 


S. Marion TucKER—397 pages, 534 x 
814 in. Blue clothboard covers. Pub- 
lished by McGraw-Hill Book Co., 330 
West 42nd St., New York, N. Y. Price $3. 


Aimed at the scientist and engineer, 
this book takes the point of view that a 
speaker’s chief business is to hold the 
attention of his audience. This purpose 
excludes all “exercises” and specific in- 
struction in speaking which can be found 
in many good manuals on the subject. 

In achieving his purpose, the author 
attacks destructive faults common to 
technical men who mount the speaker’s 
platform. He breaks away from the di- 
dactic, formal style of most textbooks by 
creating imaginary characters whose 
failures in speechmaking are strikingly 
similar to those of the average technical 
man. The free-running style of the book 
makes it easy for the reader to observe 
his own faults and to improve his method 
of presentation by accepting the author’s 
helpful suggestions. 

The topical order of the book is log- 
ical, beginning with the more obvious 
faults and working up to the less com- 
mon and less perceptible. The two final 
chapters sum up the entire book and 
show its main ideas actually at work. 


Graphic Presentation 


WıLLAaRrD C. BrıntTON — 620 illustra- 
tions, 512 pages, 614x914 in. Maroon 
flexible covers. Published by Brinton As- 
sociates, 599 Eleventh Ave., New York, 
N. Y. Price $5. 


This book is a dictionary and hand- 
book of value to engineers and execu- 
tives who wish to use graphic presenta- 
tion in the preparation of reports. Its 
pages, printed in black and four colors, 
contain many illustrations of outstanding 
examples classified by type and use. 
Text is short, most of the points being 
clearly presented by the illustrations. 


Many chapters of the book give a de- 
tailed description of all types of charts, 
graphs, tables, posters, maps, displays, 
dioramas, and photographic methods. Of 
specific interest to chief draftsmen, the 
book includes a discussion of methods 
for preparing graphic presentations, cov- 
ering color and its use, reproduction 
methods, selection of paper, and listing 
drafting equipment especially adaptable 
to the work. 

The book is cross indexed, and pro- 
vides a new type of topical index for 
easy reference. 


Errors in Reflectance Measurements 
of Porcelain Enamel Surfaces 


M. J. Bannsen and L. S. O’Bannon—16 
charts, 30 pages, 6x9 in. Published by 
Ferro Enamel Corp., Cleveland, Ohio. 


This bulletin reports an original investi- 
gation to determine the cause and nature 
of errors which exist in reflectance measure- 
ments of porcelain enamel surfaces, and to 
determine what precautions should be main- 
tained to obtain maximum accuracy. The 
tests show that an accuracy of plus ur minus 
0.3 per cent is possible when large, care- 
fully weighed, essentially flat samples are 
sprayed with minimum of orange peel and 
fired to correct temperature. 


Lead Bronze Bearings 


32 illustrations, 48 pages, 6x84 in. Pub- 
lished by Copper Development Association, 
Thames House, Millbank, London, S.W. 1. 


This well-illustrated booklet is an excel- 
lent general treatise on lead bronze bear- 
ings. Beginning with a discussion of the 
theory of bearings, it covers the properties 
and structure of lead bronze alloys. Develop- 
ments in melting and casting techniques, 
design, machining and erection of the bear- 
ings, brought about during the past few 
years by the growth of the light engine 
industry, are set forth. The material was 
originally published by the Deutches Kup- 
fer-Institut E.V., Berlin, as “Bleibronzen als 
Lagerwerkstoffe.” 


A.S.T.M. Standards on Petroleum Products 


336 pages, 6x9 in. Heavy paper covers. 
Published by the American Society for Test- 
ing Materials, 260 S. Broad St., Philadelphia, 
Pa. Price $2. 


This 1939 compilation of the A.S.T.M. 
Standards on Petroleum Products and Lub- 
ricants contains 62 standardized methods of 
test, ten specifications and two lists of defi- 
nitions and terms. Several new standards 
are published for the first time covering 
carbon residue (Ramsbottom method), gum 
stability of gasoline, determination of tetra- 
ethyl lead in gasoline, consolidated specifi- 
cations covering A.S.T.M. thermometers and 
others. Also included in the volume is the 
annual report of Committee D-2 on gum 
and tetra-ethyl lead. For information only, 
a proposed method of test for neutralization 
numbers of used aviation oils is published. 
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Manufacturers’ Publications 








Materials 


Bearing Attoys—Lumen Bearing Co., 
Buffalo, N. Y. Supplement to Engineers’ 
Handbook. 70 pages, 514 x 744 in. Compiled 
as a supplement to the Lumen Handbook, 
this data book details the physical and 
metallurgical properties of the latest non- 


ferrous alloys. 


CEeRROMATRIX-—Cerro de Pasco Copper 
Corp., 44 Wall St., New York, N. Y. Catalog 
36 pages, 8% x 11 in. Uses and methods of 
applying Cerromatrix, a low-temperature- 
melting alloy that expands slightly on solidi- 
fication, are described and illustrated. 


DuraLoy—The Duraloy Co., Scottsdale, 
Pa. Bulletin 3926-G, 8 pages, 84 x 11 in. 
Sets forth properties and typical uses of 
Duraloy alloys for resisting corrosion, high 
temperatures, and abrasion. 


Non-Ferrous ALttoys—P. R. Mallory & 
Co., Inc., Indianapolis, Ind. Bulletin M-250, 
16 pages, 83 x 11 in. Physical and electrical 
properties of Mallory non-ferrous alloys are 
listed in this bulletin, which also gives 
application data. 


Mechanical Parts 


BLowers — Roots- Connersville Blower 
Corp., Connersville, Ind. Bulletin 32-33-B-11, 
20 pages, 83 x 11 in. Illustrates and describes 
rotary positive gas exhausters and boosters, 
giving pressure-volume curves and informa- 
tion regarding operating characteristics of 
this equipment. 


Bronze BEARINCS—Johnson Bronze Co., 
New Castle, Pa. Slide rule chart provides, 
in a form convenient for engineers, design- 
ers and draftsmen, size information on over 
800 sizes of standard stock bronze bearings. 


HyprauLIc CovurLInc — Hydraulic Coup- 
ling Div., American Blower Corp., 6000 
Russell St., Detroit, Mich. Bulletin 3719, 8 
pages, 83x 11 in. The Scoop Control Fluid 
Coupling for industrial variable speed con- 
trol is described and illustrated in this 
bulletin. Engineering drawings show opera- 
tion in detail. 


Lusrication—Bijur Automatic Lubricat- 
ing Corp., Long Island City, N. Y. Bulletin 
J, 33 x9 in. Discusses automatic lubrication, 
and lists 14 reasons for its use. 


Pumps—John S. Barnes Corp., 301 So. 
Water St., Rockford, Ill. Two bulletins, 4 
pages each, 84x11 in., illustrate, describe 
and give performance data on Barnes gear 
pumps and piston pumps. 


Rotter Beartncs—Orange Roller Bear- 
ing Co., Inc., Orange, N. J. Engineering 
Data, 16 pages, 84 x 11 in. Contains complete 
engineering data, specification tables, and 
engineering diagrams of Orange staggered 
roller bearings. 


Socket Screws—Bristol Co., Waterbury, 
Conn. Catalog describes features of the mul- 
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tiple spline socket screw. Contains prices and 
complete specification data of Bristo socket 
set screws and cap screws. 


Speep Controt—Reeves Pulley Co., Dept. 
A., Columbus, Ind. Catalog G-397, 122 pages. 
Complete information on the entire Reeves 
Line of speed controls is given in this new 
revised catalog which is profusely illustrated 
with installation views. 


Speen Repucers— Philadelphia Gear 
Works, Venango & G Sts., Philadelphia, Pa. 
Catalog H-39, 64 pages, 84x11 in. Covers 
single, double and triple reduction herring- 
bone speed reducing units. Couplings and a 
number of other products are also illus- 
trated and described in detail. 


TRANSMISSION EQuipMENT—The Medart 
Co., 3500 DeKalb St., St. Louis, Mo. Catalog 
66, 144 pages, 84x 11 in. This catalog gives 
complete engineering data and list prices 
for all types of Medart power transmission 
equipment. Cross-indexed for quick refer- 
ence. 


WasHers—-Wrought Washer Mfg. Co., 2100 
S. Bay St., Milwaukee, Wis. Catalog 55-C. 
This new publication lists thousands of 
washer specifications in various materials, 
including steel, brass, copper, aluminum, 
fibre, carried in inventory. 


Electrical Parts 


ELECTRICAL Equipment — Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa. 
Catalog 30-000, 59 pages, 84x11 in. De- 
signed to help the user of electrical appara- 
tus, this “Quick Selector” catalog contains 
application data, circuit diagrams and tables 
describing all types of motor or lighting cir- 
cuit equipment. 


Gear Morors—The Holtzer-Cabot Elec- 
tric Co., Boston, Mass. Bulletin 1480, 4 
pages, 84x 11 in. Describes and gives tech- 
nical data for the new type RWC-25 pre- 
cision capacitor type synchronous motors. 


Macnetic Starters—General Electric Co.., 
Schenectady, N. Y. Bulletin GEA-3250, 4 
pages, 8x 104 in. Describes the new smaller 
size 0 starter. Bulletin GEA-3248, 4 pages, 
8x 10% in. Describes and sets forth design 
features of the new d.c. magnetic starter, 
type CR 4052. 


Motors—Emerson Electric Mfg. Co., St. 
Louis, Mo. Folder X-3558, 4 pages, 84 x 11 in. 
Illustrates and briefly describes the complete 
Emerson line of stock motors, 5 hp. and 
smaller. 


Retays—Struthers Dunn, Inc., 1315 
Cherry St., Philadelphia, Pa. Catalog, 32 
pages, 83 x 11 in. Describes many new items, 
and contains information on relays, timing 
devices and thermostats. 


SYNCHRONOUS Motors—General Electric 
Co., Schenectady, N. Y. Bulletin GEA-1191B, 
52 pages, 83x 10% in. This booklet is a 


general treatise on synchronous motors, dis- 


cussing their economies, general description, 
construction and operating characteristics. 
Many illustrations show applications. 


Time Switcnes—General Electric Co., 
Schenectady, N. Y. Bulletin GEA-3339, 8 
pages, 8x 104 in. Describes and gives speci- 
fications for Type T-27 general-purpose auto- 
matic time switches. Dimensions and con- 
nection diagrams are included. 


Fabrication Methods 


Contour Sawinc—Continental Machines, 
Inc., 1301 Washington Ave. South, Minne- 
apolis, Minn. Handbook, 160 pages, 6% x 9% 
in. This complete treatise gives detailed in- 
formation relating to the operation and ap- 
plication of contour sawing. Newly compiled 
data relating to selection and cutting speeds 
of saws and band files is included. 


Wetpinc-—General Electric Co., Schenec- 
tady, N. Y. Bulletin GEA-1546-F, 40 pages, 
8x 103 in. Prepared as a guide for the 
proper selection of electrodes, this publica- 
tion gives important suggestions on welding 
technique, characteristics of deposited weld 
metal, charts of joint forms and positions, 
and a handy estimator for electrode quan- 
tities needed to complete a job. 


Finishes 


FinisHinc MetHops—Maas & Waldstein 
Co., 438 Riverside Ave., Newark, N. J. “A 
Review of Finishing Methods,” 6 pages, 83 x 
ll in. A comprehensive review of various 
methods of applying lacquers and enamels 
to metal products. 


FLaĪmE CLeaninc—Air Reduction Sales 
Co., 60 East 42nd St., New York, N. Y. 
“Flame Cleaning and Dehydrating,” 8 pages, 
84x11 in. This illustrated booklet discusses 
the use of flame cleaning and dehydrating 
to halt deterioration of old steel structures. 


LirHorormM—American Chemical Paint 
Co., Ambler, Pa. Bulletin 7-2-3, 4 pages, 83 x 
11 in. The nature and use of Lithoform in 
giving good paint adhesion characteristics 
to galvanized iron, zinc and cadmium sur- 
faces are explained in this bulletin. 


Wrink_e Finishes — New Wrinkle, Inc., 
Dayton, Ohio. “Do You Finish Castings?” 4 
pages, 84x 11 in. Sets forth the advantages 
of the recently developed New Wrinkle dip- 
process of casting finishing. 


Miscellaneous 


AnTI-FREEZE SysteEM—Sullivan Machin- 
ery Co., Michigan City, Ind. Bulletin R-16. 
4 pages, 84x11 in. Describes anti-freeze 
systems for air lines: Tannergas for tem- 
porary air compressor installations, and 
Frosto for permanent installations where 
electric current is available. The newly de- 
veloped Frosto Vaporizer for portable com- 
pressors is also described. 


Rapium Detector—Geophysical Instru- 


ment Co., 1315 Half St. S.E., Washington, 


” 


D. C. Circular “E”, 4 pages, 84x11 in. 
Illustrates and describes the new radium 
detector for discovery of lost radium, meas- 
urement of radioactive preparations and in- 
vestigation in radioactivity. 


Propuct ENGINEERING 





Es eae 


Sen 





| 
4 
f 








n- 
Le 


id 
re 
le- 


m- 


M, 
in. 
ım 


as- 
in- 


VG 


I 
Ki 
j 
k 
i 
3 








PRODUCT ENGINEERING + 


Magnet Coils 


REFERENCE BOOK SHEET 





Proportioning and Testing 


N calculating the proportions of a 

magnet coil, the size of the core on 

which the coil operates is usually 
determined by the magnetic require- 
ments of the device. Therefore, there 
is usually a minimum inside diameter 
for the coil winding. The designer has 
control only of the length and wall 
height of the winding and often these 
have maximum limits. In selecting the 
proper proportions of a magnet coil 
the fundamental relations must be 
studied. 

When the size of the tube on which 
the coil is to be wound has been estab- 
lished and the maximum outside diam- 
eter of the coil is fixed, it is often desir- 
able to vary the length to establish a 
proper balance between the watts gen- 
erated within the winding and the ability 
of the coil to dissipate this heat. For 
a specific voltage and approximate mean 
diameter of winding, the ampere-turn 
requirements fix the size of wire (Prop- 
uct ENGINEERING Reference Book Sheet, 
page 503, December, 1938). For this 
particular size of wire the total watts 
generated decrease as the resistance in- 
creases, for if P = E°/R, then P varies 
inversely as R. As the resistance for a 
coil with a particular size of wire varies 
with the volume of the winding, 
the volume determines watts generated. 

If the inside and outside diameters 
of the winding remain relatively con- 
stant, the barrel surface of the coil 
changes in the same ratio as the volume 
when the length is increased or de- 





Nomenclature 


d = Diameter of tube. 

w = Wall height of winding. 

L = Length of coil in in. 

A = Area barrel surface in sq. in. 

V = Volume of winding in cubic in. 

P =Total watts that can be dissipated from 
given coil for specified temperature rise. 

E =Continuous or R.M.S. voltage for specified 
temperature rise. 

R = Resistance of coil in ohms. 

r =Specific resistivity of wire in ohms per 
cu. in. of winding. 

k = Heating constant of coil in terms of watts 
per sq. in. of barrel surface. For 85 deg. 
C. rise by resistance 1.35 watts per sq. in. 
based on cold resistance) is a good aver- 
age value. 
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creased, Since increasing the length of 
a coil decreases the heat generated 
within and increases the coil’s ability 
to dissipate this heat, it is an important 
factor in determining the ultimate stabil- 
ized temperature rise the coil attains. 

The barrel surface of a coil per inch 
of length is equal to its outside diam- 
eter multiplied by ~ (3.1416). Its out- 
side diameter can be expressed as: 

A/L = z(d + 2w). 

In the same manner the volume of the 
winding per inch length is equal to its 
mean circumference multiplied by its 
wall thickness. As its mean diameter is 
equal to the sum of the outside diameter 
of the tube on which it is wound and 
its wall thickness this can be expressed 
as V/L = xz (d + w) w. 

For a given size of wire, as estab- 
lished by the ampere-turn requirements, 
the volume of the winding determines 
the coil resistance: 


R = Vr = [x(d t we) Lr 


Since the barrel surface area deter- 
mines the watts which a coil can dissi- 
pate at a given temperature rise, the 
relation between voltage, resistance per 
inch length and watts per inch length 
can be compared to barrel surface area 
as follows to express permissible watts 
dissipation per unit length of coil. 


E? Ak 
St b= =A ard tuk 


By combining equations, a single for- 
mula can be derived for the length of 
winding to balance watts generated and 
watts dissipated: 





= =LX 4. X k = L [r (d + 2w) k] 
E? 
L- Exar ii 
a cali E 
[w (d + w) wLr] [r (d + 2w) k] 
E: 
[? = - 


t? [(d + w) rw] |(d + 2w) k) 
BI 3 
T \ wrk (d + w) (d + 2w) 
Since it is not so simple to solve these 
formulas for w at a balanced condition 
they have been reduced to express the 
resistivity constant of the winding. This 
in turn can be translated into A.W.G. 


L= 
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size by curve Fig. 4, page 486 of Prop- 
uct ENGINEERING, December, 1938. 

In approaching the design of a coil 
having wall height, w, as a variable, a 
different method of attack must be used. 
It is necessary to cut and try some- 
what in balancing w and wire size for 
desired ampere-turns against the w and 
wire size to give balanced heating. 

The required area to dissipate the 
generated watts will be: 

ao a a a eas 
Rk rkm wL (d + w) 

The actual area as determined by 

physical dimensions is expressed as 
A = Lr (d + 2w) 

By combining these and reducing, the 
following expression is obtained for r 
in terms of the physical, electrical and 
thermal limitations and requirements. 

Pe bx (d+ Qu) 
rk m wL (d + w) 
Which reduces to 
E? 


r m 


General Testing 


As a final step, every design no mat- 
ter how carefully estimated must prove 
itself capable of proper operation by 
test. While it is possible to accurately 
calculate and predict operation of elec- 
trical apparatus, if all the important 
factors are given proper consideration 
by the designer, occasionally a new fac- 
tor creeps in or an important one is 
overlooked. Tests therefore serve the 
doubly useful purpose of checking the 
designer’s art and the shop’s perfor- 
mance in producing the design accord- 
ing to specifications. 
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Magnet coil tests should determine: 


1. Sufficiency of insulation 

(a) From winding to ground 

(b) Between turns and layers 

(c) Between start and finish leads 
. Continuity of circuit 
. Accuracy of number of turns 
. Correctness of size of wire 
. Thermal characteristics 

6. Operating characteristics 

RESISTANCE TESTS are the simplest and 
yet most fundamental. They should be 
made on every coil manufactured. For 
normal production a limit of plus or 
minus 5 per cent should be allowed over 
the calculated value. If the resistance 
exceeds the maximum, the wire size 
may be small or the coil outside di- 
ameter may be too great. If the resis- 
tance is too low it is probable that turns 
or layers are short circuited, or the 
wire size may be running too large. 
Where resistance values on several coils 
are within the calculated limits, it is 
considered safe to assume that the num- 
ber of turns and wire size are correct. 
If a coil passes the resistance test there 
can be no question of circuit continuity. 

DIELECTRIC Tests. The ground insu- 
lation should be tested by an applica- 
tion of overvoltage to insure its suffi- 
ciency. These tests should be made after 
the coil is assembled in place on the 
apparatus unless it is wound on a metal- 
lic spool. The A.LE.E. specifies the 


following standards: 
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One Minute TEST 


VOLTAGE CLASS 7 
VOLTAGE 





800 volts 
Twice rated voltage 
plus 1000 volts 
21% times rated volt- 
age plus 2000 volts 


125 volts or less 
125 to 600 volts 


600 volts or more 





Alternating current of sine wave form 
whose r.m.s. value equals test voltage 
specified is used in this test. 

On coils for high voltage duty (300 
volts or more) with a large number of 
turns (10,000 or more) it is desirable to 
test the internal insulation between 
turns, between layers and between start 
and finish leads. This can be done with 
a standard high voltage test set. The 
recommended procedure is to first insert 
a steel core in the coil. Then apply a 
high a.c. voltage from the test box di- 
rectly to the coil terminals. The large 
number of turns around the steel core 
produces sufficient impedance to pre- 
vent tripping the breaker on the test 
set and yet it applies this test voltage 
directly to the winding. It is customary 
to apply the same test voltage between 
terminals as between winding and 
ground. However, on coils subjected to 
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high surge voltages it may be desirable 
to increase this test voltage. 

SHort Circuit Testinc. In some 
instances undesirable short circuits be- 
tween coils can be tolerated on d.c. mag- 
net coils, but they must never be per- 
mitted on a.c. magnet coils. A coil whose 
resistance is well up to the average calcu- 
lated value is usually found to be rea- 
sonably free from short circuits. This 
is not a very accurate check and it is 
generally necessary to use a special test 
rig to check short circuits. This takes 
the form of an “E” shaped high fre- 
quency magnet with a balanced watt- 
meter indication. When the coil under 
test is placed over one leg of the mag- 
net, short circuits therein act as a short 
circuited transformer secondary causing 
an unbalance on the meter element 
which indicates degree of short circuit. 

OperaTING Tests. Upon the comple- 
tion of a new design it should be given 
a complete functional test to check the 
effectiveness of the electro-magnetic fea- 
tures. Due consideration must be given 
to change in resistance of the magnet 
coils due to heating in normal duty. 
Unless the magnetic devices are subject 
to very accurate control of tolerances, 
an allowance of at least 10 per cent 
should be made over the observed oper- 
ating characteristics to insure that all 
devices come within the limits. 


Temperature Testing 


While operating temperatures can 
generally be predicted with reasonable 
accuracy, it is advisable to make a tem- 
perature test on at least one coil of 
each new basic design to insure that 
the coil is operated within the limits 
prescribed for its class of insulation. 

There are two general methods of 
measuring temperature on magnet coils, 
namely, (1) Surface temperature indi- 
cators such as thermometers; (2) Change 
in resistance of winding. 

The first necessarily gives an indica- 
tion that is lower than internal tempera- 
tures and the second gives an indica- 
tion that is an average of the winding 
temperature. For purposes of standard- 
ization the A.I.E.E. has established a 
differential between the maximum per- 
missible observed temperature rise by 
these two methods for different classes 
of insulation. These are based upon an 
ambient temperature of 40 deg. C. 








Max. PERMISSIBLE INSULATION 
RISE Crass A Crass B 

Thermometer method 65° C. oS” C. 

Resistance method 85° C. 105° C. 





In the test procedure, the complete 


apparatus is set up with coil assembled 
in its normal operating position. Several 
thermometers or thermocouples are ap- 
plied to the coil surface so as to obtain 
an average indication, and a thermometer 
is placed in room air adjacent to the 
apparatus to record ambient tempera- 
ture. Next, accurately measure the coil 
resistance and record it with the coil 
surface temperature as well as the am- 
bient temperature. 

Only after these preliminaries should 
power be applied. The voltage selected 
should be held constant throughout the 
test. During the early part of the test 
frequent readings should be taken, but 
as the coil temperature approaches a 
steady state, less frequent readings will 
suffice. The following data should be 
observed: 

Time of reading 

Volts applied to coil terminals 

Amperes flowing through coil 

Surface temperature 

Room air temperature 

From the volts and amperes observed, 
an approximation of the coil resistance 
can be obtained. Then, the coil tem- 
perature by resistance change method, 
T, can be determined by the following 
formula: 


T = R/r (234.5 + t) — 234.5 


where 
R = Hot resistance of coil, ohms 
r = Cold resistance of coil, ohms 
t = Temperature of coil at start, deg. C. 


After all observed values reach a 
steady state it is desirable to take a set 
of “shut down” readings. Arrangements 
should be made before power is shut 
off to quickly change the coil connec- 
tions to a Wheatstone bridge. After power 
is shut off frequent readings of coil re- 
sistance should be made until the change 
in coil resistance is at least half its 
total increase due to temperature. 

After assembling the test information 
and the significant calculated data, a 
time-temperature rise curve and a cool- 
ing curve should be constructed. In gen- 
eral the actual observed maximum tem- 
perature rise will not be exactly what 
was estimated at the test voltage, but 
conclusions as to the reliability of the 
apparatus can readily be drawn. 

Tests are the criteria by which all 
designs and products must be judged. 
Therefore it behooves the designer to 


specify significant and complete tests | 


and the tester to painstakingly perform 
these tests so as to leave a clean cut 
record of the true performance of the 
apparatus. To be of greatest useful- 
ness test results must be recorded, an- 
alyzed and used on future jobs. Such 
recorded experience forms the back- 
ground for future advances in the art. 
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Merit Stands By Itself 


IGNORING new things and improved products, espe- 
cially those in one’s own field, is certain to leave 
one behind-the-times. But the results are even 
worse when one becomes so critical that he fails to 
recognize merit and sweepingly condemns the 
whole plan in principle because insignificant de- 
tails are open to criticism. 

What does it cost to recognize merit in a com- 
peting design and to frankly praise it among close 
associates in your own organization? Too many 
of us are afraid to do so because we think that 
such action is a sign of weakness, an admission of 
inferiority. Attitudes affect our thinking; to self- 
justify our oral condemnation we warp our logic 
in order to arrive at the desired conclusion. Hav- 
ing developed such a mode of thinking we soon 
unwittingly begin to apply it toward the justifica- 
tion of our own errors. 

Many companies hold “pow-wows” at which 
their sales and engineering executives gather 
around a sample of the latest creation of a com- 
peting company and over-indulge in criticizing it 
and finding faults. Everything from the nameplate 
to the main casting comes in for its share. Such 
over-indulgence leaves the mind in a stupor and 
befuddles all attempts to think honestly. I have 
witnessed many conclaves at which a competitor’s 
product was roundly criticized without a single 
word of praise or commendation. But I have never 
known such inspection to be fruitful of anything 
constructive in the way of improving the design of 
the company’s own product. 

The first step in progress is the recognition of 


greater merit where it exists. If greater merit is 
not the aim, the achievement will not represent 
progress; it will be retrogression. Because design 
is largely a matter of compromises, sound unbiased 
judgment is of greatest importance in evaluating 
the relative merits of the various design possibil- 
ities. And it must be borne in mind that the merit 
of a design feature is in no way determined by 
the name of the manufacturer who incorporates 
that feature in his product. Because the leading 
manufacturer in a given field advertises a certain 
feature, that feature does not necessarily have 
merit. Nor does it follow that a feature has no 
merit because the most backward manufacturer 
uses it. The merit of an accomplishment is entirely 


foreign to the person who engineers it. 


Merit stands by itself. 
fundamentals, not on the basis of personalities, 
competitive situations or politics. The most difh- 
cult tasks that confront the mind are those that 
deal with the evaluation of things or acts. It helps 
considerably to keep a clear mind by seeking com- 
mendable things rather than seeking reasons for 
condemnation in order to feed the ego. And 
instead of over-emphasizing and magnifying the 


It must be judged on 


effects of possible shortcomings in another per- 
son’s design, there is more to be gained by a 
thorough study and analysis to find out how to 
improve further its worthwhile features, how to 
eliminate its weak points and how to profit from 
the evident experiences of its designer. The final 
design will then reflect the accumulated experiences 
gained in creating all previous designs of that type. 
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PROPOSED PATENT LAWS 


HE Constitution, in Article 8, gives 
Congress the power “to promote 

the progress of science and use- 
ful arts, by securing for limited times to 
authors and inventors the exclusive right 
to their respective writings and discov- 
eries.” The emphasis should be placed on 
promoting the progress of science and 
useful arts. In other words, the real im- 
portance of the patent law is not to the 
inventor, as such, but is to the public 
as a whole. The purpose of the patent 
system is to benefit the public as a whole. 
The patent system, in order to be prop- 
erly operated, should be such as to cause 
or encourage inventors to produce or 
evolve new devices, new processes and 
new machines. 
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KARL FENNING 


Patent Lawyer, Washington, D. C. 


In order to benefit the public, however, 
it is, of course, necessary that inventors 
do not keep secret what they have done, 
but disclose and publish their inventions 
so that they may eventually become a 
part of the common knowledge and for 
the common use of humanity. It is essen- 
tial, therefore, in considering the patent 
system to keep constantly in mind the 
two matters, (1) invention itself (2) dis- 
closure of the invention. 

The experience in the last hundred 
and fifty years under the American patent 
system seems clearly to indicate that it 
has encouraged invention and in such a 
way as to cause almost all inventions to 
be disclosed to the public. Proposed 
changes in the patent laws, therefore, 


should be carefully examined to see 
whether they are likely to change this 
situation, since substantially all progress 
might stop if inventors were not en- 
couraged to produce new things and dis- 
close them to the public. Those who 
drafted the Constitution and those who 
have drafted the patent laws as well as 
those who have administered and ad- 
judicated the patent laws seem to have 
had these considerations clearly in mind. 

The public have been told that if 
anyone makes an invention and files a 
disclosure of it in the Patent Office he 
will be given the exclusive rights to that 
invention for a limited period. The im- 
petus to invention and the consideration 
for the disclosure has been this exclusive 
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right. This exclusive right is sometimes 
referred to as a monopoly, and indeed, in 
one sense of the term it is a monopoly. 
It must be remembered that a monopoly 
of something which has come into public 
use and is already being made by many 
people, such as playing cards, for in- 
stance, stands on a very different foot- 
ing from a monopoly of something which 
is new and about which the public knows 
nothing, such, for instance, as the tele- 
phone when it was invented and first 
brought before the public. In one in- 
stance a monopoly takes from the public 
something that the public already has. 
But the patent monopoly may withhold 
from the public for a limited time only 
something which the public has never had 
and would not ever have except as a 
consideration for the monopoly. 

The anti-trust laws are drawn to pre- 
vent monopolies. Thus they are directed 
at activities which restrain trade. Much 
litigation has been conducted to abolish 
monopolies as such. The courts have es- 
tablished that in general it is not lawful 
to restrict the amount of a product to be 
produced or to restrict the territory of a 
trader or to restrict the price under which 
articles are sold. These seem to be rea- 
sonable and legitimate inhibitions with 
respect to the sort of business in which 
anyone is free to engage. In some litiga- 
tion, however, the defendants have said 
that what they are doing is not unlawful 
because they are merely restricting trade 
within the exclusive right granted by a 
patent. In other words it has been held 
that since a patent is a monopoly itself 
monopolistic practices under it are not 
unlawful. 


Question of Constitutionality 


The Department of Justice, however, 
at hearings last year before the Tem- 
porary National Economic Committee 
specifically attacked the exclusive-right 
of patent and said that they believe the 
law should be changed so as to take 
away some part of the exclusive rights 
under a patent. There are many who be- 
lieve that the Constitution should be lit- 
erally interpreted and that 
therefore, has the right to grant an ex- 
clusive right in an invention but has no 
right to make a patent grant which is 
only partially exclusive or which is only 
exclusive in some respects. Passing over 
the question of constitutionality, how- 
ever, it may be desirable to consider the 
proposals of the Department of Justice to 
see whether their tendency may be to kill 
the goose which has laid the golden egg 
for our American civilization. The amend- 
ments proposed should not be made in 
the patent laws if their tendency may be 
to discourage invention, because certainly 
the discouragement of invention is not 
to the public advantage. 

While much research is conducted by 
wealthy corporations and many inven- 
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tions are made by employees of wealthy 
corporations which have ample funds 
and facilities for promoting inventions, 
the fact remains that there are still many 
independent inventors. The tendency of 
a corporation’s inventors is merely to im- 
prove the product of the corporation. We 
must in general, therefore, look to inde- 
pendent and unattached inventors for 
many of the really new inventions on 
which new industries may be based. It is 
very important, therefore, that the patent 
system be kept in a condition to en- 
courage such independent inventors. 
Ordinarily an inventor must expend funds 
for experiment and advertising. 


Proposed Restrictions 


Especially when the invention is par- 
ticularly new, large amounts of money 
must be expended to induce the public to 
accept the invention. It thus becomes 
necessary to make large investments, 
sometimes running into millions of dol- 
lars, before any return can be gotten. 
Under these circumstances those who 
make the investment must be assured 
that when the business gets going they 
will be able to sell the product at a price 
high enough not only to pay running ex- 
penses but also to compensate for the 
initial investment. Since such an invest- 
ment is highly speculative it must be 


possible to offer larger than usual re- 
turns on the investment. It seems clear 
that this can only be done by granting to 
the inventor and those associated with 
him under the patent an exclusive right 
to control the industry. Without this right, 
a competitor could come in after the in- 
dustry has been developed, and sell at 
a price only slightly above the cost of 
production, without regard to the original 
development investment. This would en- 
tirely take away all incentive to spend 
anything for development. Nevertheless, 
the Department of Justice says: 

“It should be made unlawful for any 
person to sell or assign a patent, or to 
grant any right or license under a patent, 
on any condition which restricts the 
assignee or grantee in respect of the 
amount of any article which he may pro- 
duce under the patent, the price at which 
he may sell any such article, the purpose 
for which or manner in which he may 
use the patent or any article produced 
thereunder, or the geographical area 
within which he may produce or sell such 
article.” 

These are absolute restrictions pro- 
posed and the Department of Justice says 
that they should be: 

. supplemented by a further prohi- 
bition against any other restriction em- 
bodied in a condition to any such assign- 
ment or license, which would tend sub- 
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Patents that have been granted for more than 2,140,000 inventions are kept in the file 


room. 
public being drawn from this stock 


The number of copies is more than 100,000,000, the patent copies sold to the 
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stantially to lessen competiuon or to cre- 
ate a monopoly, unless such restriction 
is necessary to promote the progress of 
science and useful arts. 

“The owner of a patent would enjoy 
the full patent monopoly if he elected to 
retain the exclusive privilege of produc- 
ing or selling under the patent himself. 
He would be free to assign the patent; 
to grant an exclusive license; and to 
grant licenses to anyone he pleased. But, 
if he grants a license, the license must be 
general and unrestricted, unless he is 
prepared to demonstrate that a particular 
restriction (other than restrictions in re- 
spect of price, production, use, or geo- 
graphical area) is necessary to promote 
science and useful arts. Restrictions in 
respect of price, production, use or 
geographical areas would be uncondi- 
tionally outlawed.” 

Such an attempt to limit the inventor’s 
right to exclude would tend to make it 
impossible for an inventor and his asso- 
ciates to obtain proper compensation for 
the invention or a proper return for their 
investment and this would inevitably 
tend to discourage invention. 


Licensing Restrictions 


It is frequently almost essential for 
an inventor to grant licenses to several 
peeple. It may be that the invention may 
be useful in a dozen different industries. 
It may be useful, for instance, on auto- 
mobiles, on airplanes, on railways, on 
boats and in stationary power plants. 
These are separate industries and to re- 
quire that any license that the patentee 
might issue must permit the purchaser 
of the license to manufacture for all of 
these industries will certainly tend to 
limit the market for the patent so much 
that probably no license will be granted. 

If the inventor can license separate in- 
dividuals for separate uses he can vary 
his royalty in different industries in such 
a way as to insure production in all in- 
dustries and thus better give the inven- 
tion to all parts of the public who can 
use it. The manufacturer of one type of 
device might well hesitate to accept a 
license when he knows that a similar gen- 
eral license given to someone now in an- 
other industry must be broad enough to 
allow and possibly induce the other to 
compete with him. Such a restriction cer- 
tainly is against the interest of the in- 
dependent inventor much more than 
against the interests of the large cor- 
poration since the latier may be entirely 
satisfied to reap the benefit of the inven- 
tion in its own industry and keep the 
invention from other industries, while it 
may be necessary for the independent 
inventor to get tribute from a number 
of industries in order to obtain adequate 
compensation. 

A striking illustration that shows how 
unrestricted licenses would react to with- 
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hold from tne public the benefits of the 
progress of science would be the inven- 
tion of a highly improved type of inter- 
nal combustion engine. Assuming that 
such an engine were invented by a small 
independent automobile manufacturer, 
and that a manufacturing license could 
not be granted other than one covering 
all industries and applications, it would 
be to the advantage of the patent owner 
not to license anyone. Only in this way 
could he be sure to prevent some one 
from using the patent in the manufacture 
of automobile engines and thereby rob 
him of the distinct advantage he had 
originally obtained by virtue of his in- 
vention. Such being the case, the inven- 
tion would be automatically restricted to 
automobile engines and for the whole 
life of the patent it could not be applied 
to airplane, marine, and industrial en- 
gines unless the automobile manufac- 
turer entered into these fields, which he 
probably would not do. The detriment 
to the public welfare is obvious. 

The granting of licenses with price 
restrictions has been approved many 
times by the courts. It may become 
necessary for the patent owner who 
feels he cannot adequately supply the 
entire market, to grant licenses to others 
to aid him in supplying the market. 
But in order to assure the continuance 
of his own business under the patent it 
may be essential to insist that his li- 
censee does not undersell him. The pat- 
entee in order to retrieve his initial de- 
velopment investment may find it essen- 
tial to keep his price high. If he cannot 
cause his licensee to maintain the same 
price he is likely to refuse to license 
someone else to compete with him. Thus 
the inhibition against price restrictions 
may actually be to the detriment of the 
public by limiting the output under the 
patent and so depriving many members 
of the public from its benefits. 


Territorial Limitations 


Territorial limitations in licenses may 
be very important in order to procure 
a wide distribution of the invention. A 
patentee manufacturing in Massachu- 
setts may find that in order to distribute 
in the middle west and on the Pacific 
Coast he has to tax the public with such 
high transportation charges that it is not 
beneficial to the public. He may find that 
he can conduct his business more sat- 
isfactorily and more economically and 
hence better from the public standpoint 
if he limits his own production and sell- 
ing activities to a certain territory and 
allows someone else already established 
in another territory to manufacture and 
sell there. This seems to be a matter of 
business expedience which the patentee 
is better able to determine than anyone 
else. If a limitation is put in the patent 
law so that the patentee may not make 


this business judgment for himself the 
tendency is certainly going to be to 
discourage invention. 

The patentee may have limited facili- 
ties for manufacture. When he finds an- 
other with ample facilities for addi- 
tional manufacture who is anxious to 
take a license he certainly should be 
allowed to grant a license in such a way 
as to reserve sufficient business to keep 
his own business going. In many in- 
stances this can be done only by lim- 
iting the amount of production by the 
licensee. On the other hand, the patentee 
may hesitate to grant a license to a 
manufacturer unless that manufacturer 
agrees to make a certain quantity so as 
to provide an adequate royalty return 
to the patentee. 


Nullify Intent of Patents 


All of the restrictions which the De- 
partment of Justice proposes are real 
limitations on the right of the patentee 
to use his monopoly in any way he deems 
best to compensate him for his invention 
and development work. Any such re- 
strictions certainly will make an inven- 
tor hesitate before making an invention. 
Then if an invention is made, such re- 
strictions on the right to grant licenses 
will tend to cause the inventor to keep 
his invention, if possible, as a trade 
secret, and thus annul the very purpose 
of the patent system, which is to avoid 
trade secrets and procure publication 
and dissemination of knowledge to be 
used by the public at the end of the 
limited monopoly term. 

Those favoring the restrictions pro- 
posed by the Department of Justice 
point to some of the testimony presented 
at hearings before the Temporary Na- 
tional Economic Committee. It is a 
matter of record that some of the testi- 
mony revealed at least one situation that 
might be interpreted as an abuse of the 
patent privilege. This was only one 
isolated case whereas much of the oiher 
testimony, particularly that given by 
executives of the automotive industry, 
showed clearly that in the main, Ameri- 
can industry adheres pretty well to the 
spirit of the patent law as well as the 
letter of it. And, as pointed out by 
numerous authorities, in and out of the 
Patent Department, possible breaches 
of the spirit of the patent system will 
be largely eliminated by the speeding 
up of the operations of the Patent De- 
partment and the new laws restricting 
the life of the patent from its date of 
application. 


[In the second part of this article, 
which will appear next month, Mr. Fen- 
ning discusses the proposed legislation 
designed to minimize Patent Office de- 
lays and to expedite court actions on 
patent suits. | 
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DIE CAST OR SAND CAST-I 


OTH sand castings and die-castings 

are products of wide and unques- 

tioned utility. Both enter in a 

large way into the production of machine 

elements and many other products be- 

cause of the economy with which they are 

turned out. In certain classes of prod- 

ucts, neither can take the place of the 

other, but in the field of light and medium 

to small size castings, there is a measure 

of competition between the two. The 

choice of which to select depends upon 
many factors. 

Much may be gained by an effort to 
evaluate the two types of product. It must 
be admitted, however, that no hard and 
fast rules can be laid down which will, in 
themselves, settle the whole question. 
Too many variables are involved and they 
change with market conditions, labor sup- 
ply and the like. Some general statements 
may be made to help clarify the situation, 
but it should be understood that they are 
generalities and thus are subject to excep- 
tions. Most of the important considera- 
tions are outlined in Table II and will be 
further explained. Finally, there are 
appended specific examples of actual ex- 
perience based either on cases in which 
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substantially the same part was made by 
die casting and by sand casting, with costs 
each way, or in which the part was figured 
for production in both forms and one 
form selected either on a price basis or 
for some other controlling reason. 

Naturally, the author does not claim to 
be infallible, or even that his judgment 
may not be found open to criticism by 
others with more information or differing 
points of view. An effort has been made, 
however, to present in an impartial way, 
such facts as it has proved possible to 
secure in numerous contacts with those 
who are face to face with the problems as 
a part of their regular duties. 

For simplicity, the comparison is 
based, except where otherwise indicated, 
on unalloyed gray iron for the sand cast- 
ing and zine alloy for the die-casting, as 
each is most widely used in its respective 
field. Both are at the low end of the cost 
scale and both have good casting quali- 
ties. It should be noted, however, that 
where qualities not to be had in gray 
iron, on one hand, and zinc alloy, on the 
other are required, many other materials 
for sand casting and die casting, respec- 
tively, are available. Many alloy irons 


and numerous non-ferrous sand casting 
alloys are in extensive use and can match 
or exceed the physical and some other 
properties of the die-casting. For die cast- 
ing, besides the zinc alloys, there are the 
aluminum and the magnesium alloys 
characterized by light weight; the brass 
alloys, some of which have physical prop- 
erties comparable to mild wrought steel; 
and the tin and lead alloys for a few 
rather special purposes. There are in- 
stances where permanent mold castings, 
as distinct from the above types, deserve 
consideration and may be preferable to 
either a sand casting or a die-casting, but 
space for more than a mention of this 
alternative is lacking here. 

Among the outstanding advantages of 
gray iron sand castings (to be dealt with 
in more detail under specific headings in 
subsequent paragraphs) are: low cost of 
material having many excellent qualities, 
moderate cost for patterns and tooling, 
ease of casting at a fairly good produc- 
tion rate, good machining properties, 
strength adequate for a wide variety of 
uses, and hardness and freedom from cold 
flow are often highly advantageous. These 
are offset, as compared with die-castings, 


TABLE I—Physical Properties of Sand and Die-Castings 











| Com- 
| Impact STRENGTH MERCIAL 
Cuarpy Fr. Le. DIMEN- 
Com- ————————— -~ SIONAL 
) TENSILE PRESSIVE lý In. 0.394 IN. SHEARING ELONGA- Section ToLER- 
STRENGTH STRENGTH SQUARE SQUARE STRENGTH TION IN THICKNESS ANCES 
t MATERIAL LB. PER LB. PER Un- Un- Ls. PER 2 IN. BRINELL SPEC. WT. PER USUAL INCHES 
s Sq. IN. So. IN. NOTCHED NOTCHED Sq. In. Per Cent Harpness Gravity Cu. In. Mun. In. PER ÍN. 
r Unalloyed a 20,000- 70,000 no data 2.1- 25,000- Almost 100- e 7.00g 0.252 g -l4 +s 
y gray iron 32,000 200,000d 2.9¢ 80,000 d nil 700 f 7.70h 0.278 h s t 
sand cast 
|- Zinc alloy die 40,300- 60,500- 18-20 no data 30,900- 3.0- 74-83 6.6- 0.24 0.025 +0.001 k 
cast 47,900 93,100 15,800 5.0 6.7 s 
Aluminum b 32,000- no data 1.0- no data 18,000- 1.0- 60-95 2.66- 0.095- 0.030 +0.002 k 
y alloy die cast 34,000 3.2 26,000 4.0 2.98 0.103 S 
e 
S Magnesium b 26,000- no data 1.0- no data no data 1.0- 60-62 1.81 0.066 0.030 +0.002 k 
il alloy die cast 30,000 2.0 3.0 s 
g f Brass b 55,000 no data 33 min. no data 50,000- 10-20 120-180 8.15- 0.299- 0.050 +0.003 k 
e- die cast 95,000 55,000 j 8.47 0.303 s 
g 
of (a) Ordinary gray iron. Physical properties can be greatly im- (e) Full annealed. 
proved by alloying with nickel, chromium, etc. (f) Chilled and heat treated. 
(b) Same or similar alloys can be sand cast with same or, on some (g) Coarse grain. 
le. scores, superior physical properties. Wider choice of alloys (h) White iron. 
ad available for sand casting. (j) Yellow brass; probably higher in other brasses. 
(c) Values to 5.0 ft. lb. obtained with certain alloy iron, but note (k) Where controlled by integral die parts; somewhat wider as be- 
on that area of specimen is 0.155 sq. in. or nearly 2.5 times that _ tween moving die parts. 
le- of die cast specimens (0.0625 sq. in.) (s) For small castings. 
on (d) Higher value is for alloy cast iron. (t) Wider where core work is involved. 
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by such shortcomings as: higher cost of 
machining, need for heavier sections and 
for wider dimensional tolerances, high 
cost of coring, low ductility and low 
impact strength. 

Included in the advantages of die- 
castings are: rapid production within 
dimensions so close that little machining 
is needed, thin sections and lighter 
weight. accurate coring at only slight or 
no extra cost, smooth surfaces without 
sand inclusions, lower finishing costs and 
superior strength, especially in impact. 
Offsetting these are such items as: higher 
material cost, higher cost for dies than for 
patterns, certain limitations on shape, 
especially in some types of coring and, in 
most alloys, softer materials, some of the 
latter being subject to cold flow. 

Because of die costs, die-castings are 
seldom economical when quantities re- 
quired run below 1,000 to 5,000 unless 
the corresponding and casting necessi- 
tates much core work, too much machin- 
ing or too high costs for finishing. There 
are, of course, many large sand castings 
not capable of duplication in die casting, 
but there are also many small and some 
large die-castings quite impossible to 
duplicate in sand cast form on an eco- 
nomical basis. 

Such are some of the generalities which 
are, for the most part, fairly well under- 
stood in the metal working industries. It 
is desirable, however, to set down the 
facts more fully under specific headings 
if one is to gain a more thorough insight 
into the subject. 


MATERIALS AVAILABLE have been men- 
tioned, and data on their respective 
properties are given in Table I. Relative 
to the whole group of die casting alloys, 
however, it may be said here that alumi- 
num and magnesium alloys, and espe- 
cially those copper alloys grouped under 
the term “brass,” are harder to cast and 
involve greater die expense than the zinc 
alloys and those with still lower melting 
points. Besides being low in cost, zinc 
alloys can be readily cast with smooth 
surfaces, good properties, thin sections 
and minimum die costs. Consequently, 
other alloys are employed only when they 
yield particular properties not to be 
matched in the zinc alloys. There is no 
precise parallel for this in sand casting, 
but the low cost of gray iron and its 
fluidity in molten form, which makes for 
easy casting, as well as certain excellent 
properties, account for its preponderant 
use in sand casting. 


SPECIFIC GRAVITIES of zinc alloy and gray 
iron are nearly the same: 6.7 average for 
zine alloy and 7.28 average for cast iron. 
The slight advantage in total weight of 
the zinc alloy on this score is increased in 
many castings, however, by reason of the 
thinner sections in which it can be cast 
and still have a wide advantage over cast 
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TABLE II—Comparison of Factors Affecting Choice of Casting 


SS na ee aR m a a o RE 


MATERIALS 


WEIGHT 
(specific gravity) 


NECTION THICKNESS 


CORING 


EXTERNAL FORM 


SURFACE SMOOTH- 
NESS 


DIMENSIONAL 
ACCURACY 


TooLinG 
(including die for 
die casting) 


PRODUCTION 
RATE 


MATERIAL CosT 
(melting ertra) 


Cost OF MACHINING 


Cost For APPLIED 


FINISH 


FASTENING AT 
ASSEMBLY AND 
INSERTS 


STRENGTH AND 
DUCTILITY 


HARDNESS AND 
Corp FLow 


APPEARANCE 


er et EN AOE NE AT RTE IRR SN = ema aa aa SE EE SAN RRA 


DIE-CASTINGS 


Zinc alloys lowest in cost and 
most widely used. Aluminum 
alloys next in cost and extent of 
use. Alloys of copper (brass), 
magnesium, tin and lead for 
special purposes 

Zinc alloys average 6.7. Alu- 
minum alloys average 2.75. 
Magnesium alloys average 1.81 
(lightest), lead alloys average 
10.65 (heaviest) 

Ranges from 0.025 in. upwards 
in very small castings, from 
0.040 in. upwards in medium 
size castings and from jg in. 
upwards in large size castings 
Can be complex, cores as small 
as jy in. diam. can be used. 
Fine threads can be cast where 
saving over tapping results. 
Cores involving undercuts are 
not practical. Effect of coring 
on casting cost slight 

Can be complex and involve fine 
details but undercuts often re- 
quire extra die parts 

Can be such that only buffing is 
needed to insure excellent sur- 
face for plating 

Commercial tolerance +0.001 
to 0.003 in. per in. on most im- 
portant dimensions 


Die cost higher than pattern 
cost but tooling for machining 
is likely to be lower because of 
fewer operations and lighter cuts 
50 to 1,000 cycles an hr. (average 
about 200 to 300 an hr.) one to 
several castings per cycle (one 
man), time for core operation 
included 


Average about 814 c. per lb. for 
zine alloys (but castings often 
weigh less than sand castings) 

Low because of close dimen- 
sions and smooth surfaces. 
Only light cuts when any are 
required. Many holes cored to 
size. Metals free from hard 
spots and sand inclusions and 
easily machined 

Low because of smoother sur- 
faces (especially important 
where plating is required). 
Hidden parts require no finish as 
metal is not subject to red rust 


Can have integral rivets or ex- 
tensions to be headed or spun 
over, or accurate cored holes. In- 
serts readily cast in place 

Zinc alloys generally superior 
in tensile strength; much su- 
perior in impact strength and in 
ductility to gray iron (see Table 
I). Some other die casting 
alloys inferior to certain sand 
cast alloys 


Zinc and aluminum alloys range 
from 60 to 83 Brinell. Brass 
105 to 180. Zinc alloys are sub- 
ject to cold flow 


Excellent in as-cast form be- 
cause of smoothness and color 
and in finished form where fine 
detail and sharp lines are re- 
quired 


SAND CASTINGS 


Gray iron lowest in cost and 
widely used. Alloy cast iron 
available for many special pur- 
poses. Numerous non-ferrous 
alloys available for special 
purposes 

Cast iron average specific 
gravity about 7.28. Range of 
gravity in non-ferrous alloys is 
the same 


is in. minimum attained in few 
specialized castings, but 3 to 
l1% is considered usual limit in 
small castings with i% to M in. 
minimum in larger sizes 

Can be complex and often in- 
volve undercuts but cores less 
than 14 in. thick are seldom 
practical. Making and placing 
of cores greatly increases cast- 
ing costs 


Can have almost any shape and 
include undercuts but these may 
greatly increase molding costs 
Usually requires grinding, pol- 
ishing and buffing or equivalent 
to a good degree of smoothness 


Commercial tolerance +3) in. 
for important dimensions on 
small castings, but is increased 
for core work 

Pattern costs may be 15 to 25 
per cent or more of cost of die. 
Tooling for machining likely to 
exceed that for die-casting 

25 average small molds an hr. 
(one man) not including pour- 
ing, or making or placing of 
cores. One to several castings 
per mold 

About 11% c. per lb. plus cost of 
sand and core materials 


High where close dimensions and 
smooth surfaces are needed; 
not hard to machine in general, 
but hard spots and sand in- 
clusions tend to dull tools 


Usually higher for equal smooth- 
ness and general appearance. 
Hidden parts often require 
finishing to avoid red rusting 
when in ferrous alloy 


Integral fastenings usually not 
feasible and cored holes are 
relatively inaccurate. Inserts 
seldom feasible 

Gray cast iron superior in com- 
pressive strength but inferior 
in tensile and much inferior in 
impact strength and ductility. 
Some other alloys equal to or 
better than die casting alloys 


Gray cast irons range from 100 
to 700 Brinell. Dimensional 
stability of cast iron an asset in 
some applications but material 
is not entirely free from cold 
flow. (See A.S.T.M. Symposi- 
um on Cast Iron) 


Rough and, in some instances, 
lacks detail. Color of gray 
iron is dull 
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iron in impact strength. If aluminum and 
magnesium die-castings be compared with 
cast iron, the weight saving is still greater. 
(see Table I for relative specific gravi- 
ties). The cost per die-casting in alumi- 
num alloy is only a little higher than in 
zinc alloy, and in certain unusual cases, 
quotations are the same or slightly lower 
for aluminum alloy. 


SECTION THICKNESS invariably has a 
lower allowable minimum in the die-cast- 
ing than in the sand casting, and such 
thin sections even enable the die-casting 
to compete with stamping in numerous 
instances. Clock cases, for example, are 
produced with sections averaging about 
0.030 in., and housings as large as 11 x 7 
x7 in. are made in sections averaging 
about 0.040 to 0.045 in. using zinc alloy. 
Aluminum die-castings do not have to be 
much thicker. As against this, although 
some special flat lock parts are said to 
be sand cast in iron only 1s in. thick, #2 
to 1 in. is considered low for small iron 
castings, and rs to 4 in. is low for large 
iron castings. Even large die-castings 
such as full size automobile radiator 
grilles seldom exceed ¥g in. in average 
thickness, and often have thinner sec- 
tions. Die-castings can have sections of 
14 in. or thicker, but are seldom econom- 
ical except perhaps in small castings. 
Much heavier sand castings are produced, 
of course, and porosity may occur in thick 
sections in both die and sand castings. 


Corinc involves several considerations 
which are different in die casting than in 
sand casting. In sand casting, cores as 
small as 14 in. diam. are considered small 


Simple castings having D-shaped re- 
cessed ends and tubular extensions. The 
parts have been produced in both die cast 
and sand cast form, and although not 
exact duplicates serve the same purpose, 
acting as brackets for supporting the 
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and drilling usually preferable. Cores 
down to 3z in. diam. are used in die-cast- 
ings and almost any size hole, in which 
the depth does not exceed two to three 
times its diameter, can be and usually is 
cored, especially if in a favorable posi- 
tion. In general, however, the core can- 
not involve an undercut and, if it comes 
at an angle to the direction of die motion, 
some increase in die cost is involved. 
Sand cores can have almost any shape, 
but they have to be made up for each 
casting in special core boxes and involve 
several extra operations in production, 
and the placing of them in molds, slowing 
production accordingly. Operation of 
movable cores in die casting sometimes 
lengthens the casting cycle, but cores are 
often arranged for automatic operation 
and then have little or no effect on the 
time of the casting cycle. Even when 
coring increases die costs and lengthens 
the cycle, it often effects important econo- 
mies by savings in machining and in 
metal. It may do likewise in sand casting, 
but the effect on cost is likely to be less 
favorable because of the extra labor and 
delays which cores entail. The fact that 
close dimensions are difficult to hold in 
sand coring may require added machin- 
ing operations. 


EXTERNAL SHAPES can often be the same 
in die cast as in sand cast parts, but in 
each type some shapes can be made which 
are not feasible in the other type. Since 
a die is not flexible, the die-casting must 
clear it when ejected, whereas the sand 
mold is destroyed after each casting. Pat- 
terns must clear the sand mold, of course, 
but they can be split or made with loose 


vertical tube or “post” of a washing ma- 
chine and attaching same to the tub. In 
the sand casting the tubular portion is 
somewhat longer than in the die-casting. 
The die-casting weighs about half as 
much as the sand casting. Some machine 


parts, or the mold can be parted in such 
a way as to yield castings not feasible in 
die casting. Many dies have slides carry- 
ing parts which form undercuts and the 
die can, in effect, be split in various ways 
when any extra costs entailed are justi- 
fied. Greater faithfulness in detail and 
greater sharpness of lines and edges are 
feasible in die-casting. 


SURFACE SMOOTHNESS invariably favors 
the die-casting or can be made to do so 
by care in finishing die surfaces. Sand 
moldings necessarily show the irregulari- 
ties of the sand surface and tumbling and 
sand blasting do not remove these en- 
tirely. Die-castings are now produced 
with surfaces so smooth that only light 
buffing is required before plating. 


DIMENSIONAL Accuracy, being much 
greater in the die-casting, is among its 
important advantages. Relative commer- 
cial tolerances are given in the Table I, 
and the much closer limits laid in die 
casting tend to reduce machining costs to 
an important degree. Sometimes no ma- 
chining, except to remove flash, is re- 
quired. When machining is needed in the 
die-casting, less allowance for metal re- 
moval is made than in the sand casting. 


The actual case histories presented 
here are based on parts which are or have 
been in production in die cast and/or 
sand cast form. Data in the examples 
given support the foregoing conclusions. 
The examples are instructive in them- 
selves, as they constitute concrete evi- 
dence on costs and design advantages in 
a wide variety of applications. 





work was required on both, but the lower 
cost of material in the sand casting 
effected a net saving of 40 per cent in the 
total material and direct labor costs. A 
consideration of this cost advantage 
resulted in selection of the sand casting. 
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Paint tank cover subjected to air 
pressure, has been produced in both die 
cast and sand cast form; cost figures 
given here are based on lots of 10,000. 
Die-castings were in zinc alloy and were 
produced in a single-cavity die which, 
with tools for fin removal, cost $400. The 
price per piece was 28c. and was based 
on a production rate of 100 per hr. Ma- 
chining cost 3c. per piece. For the sand 
casting, the pattern and match plate used 
in molding cost $75 and was made in two 
weeks, whereas the casting die required 
eight weeks to produce. The piece price 
for sand castings (from a two-impression 
match plate) is 17c., but machining costs 
10c. per piece. Painting costs were 3c. 
per piece for both die-casting and sand 


b 


Cylinder ridge reamer body castings 
produced in die cast form, a zinc alloy 
being used, in a die which cost $250. The 
castings have three radial arms which are 
slotted, the slots having the same width 
as splines in hub portions. The projecting 
splines in the hole of the smaller casting 
mate with corresponding spline recesses 
in the hub of the larger piece, which has 
an O.D. of 2% in. over ends of arms and 
a height of 2 in., the hub being 1 in. O.D. 
necked to 5% in. O.D. to fit the hole in the 
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casting. Advantages that are cited in fa- 
vor of the die-casting are: less machining, 
better valve seats and fewer screw ma- 
chine parts. Although the sand casting 
weighs 2 lb. 8 oz., which is one third more 
than the die-casting, the sand casting is 
now being used. The reason given is that 
the die-casting (the average section thick- 
ness of which is about 20 per cent thinner 
than that of the sand casting, and which 
appears to have been designed with inade- 
quate stiffness) gave trouble from leakage 
around the seat because it bent or warped 
under the air pressure applied in service. 
The extra screw machine parts evidently 
increased the cost of the sand cast assem- 
bly, but specific data as to how much the 
cost was increased are lacking. 





} 


smaller part. These castings cost 12c. per 
pair in lots of 2,000 and the only machin- 
ing needed is the tapping of the central 
hole in the larger piece at a cost of soc. 
per piece. It has been estimated that 
sand castings could be produced at about 
3c. per pair from a match plate costing 
about $100, but they would require so 
much machining to realize the close fits 
attained without machining in the die- 
casting, that sand castings are not consid- 
ered feasible. 


Barrel plug with 2 in. pipe thread, 
produced in both sand cast and die cast 
form. Die-casting die has 6 cavities, re- 
quired 4 weeks to build, and cost $865 
plus $74 for fin removal tools. Cast thread 
necessitates a die parting along length of 
piece. Die-castings in zinc alloy weigh 
about 514 oz., are produced 5,000 in 8 hr. 
at a price of 3'c. each. 

Match plate for gray iron sand cast- 
ings has 6 impressions, cost $150 and 
required 6 days to make. 700 sand cast- 
ings, without thread, weighing 7 oz. each, 
are produced in 8 hr. at a cost of 3c. each. 
Machining costs 344c. per piece, about 
1 oz. being removed. Die-castings do not 
rust, they do not require cadmium plating 
when used in barrels containing alcohol. 


Bunsen burner base, 314 in. O.D. and 
height 23% in., was originally a gray iron 
sand casting made from patterns costing 
$50. Sand castings cost 12c. each and 
machine work was 10c. per piece addi- 
tional. Part is now die cast in zine alloy 
in a single-cavity die which cost $250. 
The piece price is 644. in lots of 2,000, 
no machining is required. The fine thread 
on the projection is cast on. Die-castings 
are finished in gray gunmetal lacquer, 
sand castings are finished in black japan. 
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DAMPERS AND SUPPRESSORS-II 


For Controlling Torsional Vibrations in Crankshafts 


D. GERDAN 


Detroit Diesel Engine Division of General Motors Corporation 


UNERS having no damping are 
limited in their application to 
constant speed engines or to those 
having a very narrow operating speed 
range. Although critical speed of the 
original system is eliminated with the 
application of the tuner damper, two 
new critical speeds arise, one is above 


Tuners 


Spacers 
/ 





FIG.9 


Suppressor shown in Fig. 9 is similar 
to that shown in Fig. 6 with the excep- 
tion that flat leaf springs instead of the 
helical type are used as the elastic ele- 
ment. The use of packs of leaf springs 
introduces damping and makes it possi- 
ble to suppress torsional vibrations over 
a wide speed range instead of only at 
one speed as with a straight tuner. The 
added damping is derived from inter-leaf 
motion in the spring packs. 

This design consists of a flywheel con- 
nected elastically to the hub through 
several packs of leaf springs. The packs 
of springs are located and loaded 
through the spacers which are fixed in 
the hub. The hub is keyed to the crank- 
shaft. The spring packs are given an 
initial deflection so that they are not 
loaded at any time during operation. 

The unit as used on passenger car 
engines is not lubricated, being mounted 
on the front end of the crankshaft in the 
open. Some designs are inclosed within 
the crankcase at the front end of the 
engine and provision is made for lubri- 
cation of the spring packs either through 
low pressure or by splash feed. 
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and the other is below the original. 
Unless damping is introduced into the 
tuner, these new criticals often result in 
excessive amplitudes. Consequently, for 
wide speed range engines, tuners incor- 
porating damping are a necessity. These 
consist of a flywheel mass connected 
elastically to the crankshaft through leaf 


With Incorporated Damping 


Cover. 
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FIG.10 


Rubber elastic elements used in a 
damped tuner rather than springs. In 
the design shown in Fig. 10 the flywheel 
is connected elastically through two rub- 
ber disks to the hub which is fastened 
to the engine crankshaft. The two rubber 
disks have raised bosses, molded on one 
side, that when assembled fit into holes 
in the web of the flywheel. Loading pins 
pass through the bosses on the rubber 
disks. These loading pins also serve to 
hold the assembly together. A shoulder 
on the pins seats against the hub and 
serves to hold the cover at a definite 
distance from the hub thus giving a 
fixed amount of compression of the rub- 
ber disks. 

The raised bosses in the rubber disks 
guide the balancer flywheel in relation 
to the center of the assembly. They also 
constitute the portions of the disk which 
act as the elastic members. When the 
flywheel oscillates relative to the hub, 
the rubber is compressed against the 
pins and the holes in the flywheel. Damp- 
ing is obtained from the sliding of the 
flywheel surfaces on the thin portion of 
the rubber disks. 


springs, or rubber having hysteresis 
qualities. The action is the same as that 
in the tuners except that the energy caus- 
ing the excessive torsional vibration at 
the two new critical speeds is dissipated 
by means of the inter-leaf friction or the 
rubber hysteresis, and amplitudes at 
these criticals are held to safe values. 


Elements 


Balance shell. Helical springs 
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Damped tuner in which flywheel mass 
is coupled elastically to the hub by 
means of rubber bonded both to the fly- 
wheel and to the balancer shell is shown 
in Fig. 11. The shell is fastened to the 
hub which is keyed to the crankshaft. 
Friction, in addition to the small amount 
obtained from hysteresis of the rubber, is 
obtained by use of friction material. The 
friction surface is a ring fastened to a 
thin steel disk riveted to the flywheel. 
The friction surface is loaded by springs 
having a fixed initial compression set up 
by the plug pressed into the flywheel. 
The flywheel is guided on the hub by a 
bronze bushing. 

In operation, the flywheel oscillates 
relative to the hub and because of the 
elasticity of the rubber elements coun- 
teracts the exciting torques with the 
vibratory torque of the flywheel. Damp- 
ing is also obtained to further reduce the 
torsional vibration from the sliding of 
the friction material upon the balancer 
shell. The combination of optimum tuning 
plus damping effects gives a balancer 
effective through a wide engine speed 
range. (Continued on next page) 
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Leaf springs in the design shown in 
Fig. 12 replace the helical springs of the 
straight tuner shown in Fig. 6. The fly- 
wheel is mounted elastically on the hub 
through the leaf springs which are 
pressed into slots cut in the flywheel 
and the hub. The hub is keyed to the 
crankshaft. This type can be made to 
have a variable natural frequency by 
proportioning the sides of the spring 
slots to cause a decrease in the effective 
length of the spring pack, thus giving in- 
creased rate of action to the packs. Damp- 
ing effects are introduced through inter- 
leaf friction caused by the deflection of 
the spring leaves when the flywheel 
oscillates relative to the hub. This design 
can. also be used as a damped elastic 
coupling located between the engine 
and the equipment driven by it. 
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FIG. 14 


Vibration balancer shown in Fig. 13 
is similar to the one that is shown in 
Fig. 8. The helical springs of the design 
shown in Fig. 6 are replaced in this 
vibration balancer by leaf springs for 
the purpose of introducing damping 
qualities in the system. 

The inertia mass is pivoted on a pin 
carried by the plate which is fastened 
to a crank cheek at the front end of 
the crankshaft. The leaf spring packs 
are held in clips. The outer ends of the 
leaf spring packs bear against pockets 
in the inertia mass. The spring clips are 
fastened to the pivot plate as shown. The 
spring packs constitute the elastic and 
damping elements. The springs are given 
an initial deflection so that complete 
unloading will not occur even at the 
maximum oscillation amplitudes. 
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Leaf spring type vibration balancer 
consisting of a flywheel coupled elas- 
tically through packs of C-shaped leaf 
springs to a hub fixed to the crankshaft 
is shown in Fig. 14. The thickness of the 
spring material decreases with the diame- 
ter. The springs, when assembled into 
the unit, fit around bolts which carry 
a lug which acts as a stop, preventing 
the spring pack from turning in the 
bore formed by the flywheel and hub. 
The bolts also serve as a stress limiting 
device. The assembly is held together 
by cover plates fastened to the flywheel 
thus adding to its inertia. 

As the flywheel oscillates relative to 
the hub the packs close slowly on the 
stop bolts, increasing the spring stiffness 
and results in a balancer having a vari- 
able natural frequency. 


De-Tuners That Vary the Frequency of the Crankshaft System 


These devices automatically vary the 
natural frequency of the crankshaft sys- 
tem thus preventing the build-up of res- 
onant conditions. They consist essentially 
of a flywheel connected to the crankshaft 
either flexibly or through friction. If 
connected flexibly the springs are such 
that their rate of action varies, causing 
the de-tuner to have no fixed natural fre- 
quency of vibration but rather a series 
of natural frequencies dependent upon 
the deflections of the springs. 
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The frictionally connected types close- 
ly resemble dampers and in effect may 
be considered as such in that a heavy 
flywheel mass coupled to the crankshaft 
through friction is used. The flywheel ro- 
tates with the crankshaft through the 
influence of friction until a certain prede- 
termined maximum angular acceleration 
caused by torsional vibration occurs, then 
slippage of the flywheel relative to the 
shaft takes place, and since the flywheel 
is in effect disconnected from the crank- 


shaft system, the natural frequency of 
torsional vibration of the system is in- 
creased. The unit having very little 
hysteresis, functions in the same manner 
as pure tuners and is unsuitable for 
wide speed range operation. However, 
through suitable compounding of the 
rubber stock an appreciable amount of 
hysteresis can be incorporated in which 
event the unit will function as a damp- 
er tuner, thus increasing its effectiveness 


over the entire speed range of engine. | 
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FIG. 15 


De-tuning device which functions by 
preventing the building up of resonance 
conditions rather than by damping or 
absorbing crankshaft torsional vibrations. 
This unit shown in Fig. 15 consists of a 
flywheel coupled elastically through a 
special form of a “grid” spring to a hub 
which is fixed to the crankshaft. An 
automatic change in natural frequency of 
the system at critical speeds is obtained 
from the shortening of the spans of the 
springs as the increased torque is applied. 
Through this automatic change of nat- 
ural frequency the amplitude of tor- 
sional vibration of the crankshaft at 
critical speeds will not attain the maxi- 
mum otherwise obtained. 

This design also finds application as 
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Friction type de-taner which may 
also be called a damper since it has all 
the characteristics of one is shown in 
Fig. 16. This design also has some of 
the characteristics of a damped tuner, 
and consists of a heavy flywheel coupled 
frictionally through a friction disk to a 
shaft of comparatively low torsional 
rigidity by means of a hub. The shaft is 
fastened to the front end of the crank- 
shaft as shown. The shaft extension which 
has low torsional rigidity gives this 
design the characteristics of a damped 
tuner. If the shaft were rigid the unit 
would be a straight damper. The pur- 
pose of the flexible shaft as used in this 
device is to reduce the inertia, and there- 
fore the weight, required in the heavy 
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FIG. 17 


Flexible driving hub. At times an 
engine will have no serious amplitudes 
of torsional vibration in its operating 
range, but with the addition of pulleys 
or fans directly connected to the front 
end of the crankshaft serious vibration 
occurs because of lowering of the natural 
frequency of the crankshaft system 
through the addition of these masses. 
The lowered natural frequency of the 
system results in a drop of the engine 
speed at which resonance occurs. 

To avoid changing the position of the 
criticals in the speed range a flexibly 
mounted hub of the type shown in Fig. 
17 can be used. This consists of a shell 
unit keyed to the crankshaft in which 
inner and outer shells are bonded to- 


f a drive coupling between an engine and flywheel. The friction surface is loaded gether with rubber. The rubber as a 
t the driven equipment, in which applica- through the helical spring. rule has considerable elasticity. The 
tion the cover which is shown here as Slippage of the flywheel during opera- member being driven directly from the 
part cf the flywheel is disconnected and tion in a critical period accomplishes two crankshaft is then bolted to the outer 
0 is connected to the driven equipment. things. First, slippage gives rise to damp- shell which is isolated elastically by the 
y The automatic change in frequency is ing forces which dissipate the vibrating rubber from the main crankshaft system. 
g obtained with the shortening of the energy. Secondly, since the flywheel is, Proper proportioning of the design 
e spring length as the increased torque is in effect, disconnected from the crank- will permit the addition of considerable 
>. applied near the critical speed and the shaft during slippage, the natural fre- mass to the front end of the crankshaft 
g vibration torque is prevented from reach- quency of the crankshaft system is auto- without an appreciable change in the 
‘T ing the minimum and maximum values. matically raised or increased. crankshaft vibration characteristics. 
el 
ri Hydraulic coupling of the type shown driver, establishing a circulating motion 
ii in Fig. 18 consists of a cover bolted to of the oil. Since the direction of motion 
z and rotating with the driving wheel which of the fluid is completely reversed in 
i is coupled to the engine. There is no passing from the driver to the driven 
connection between the driver and driven wheel, the torque reaction of the driven 
wheels other than oil carried in segmental wheel must exactly equal the torque of 
lg N cells formed in the wheels. The first effect the driving wheel. 
Y? of this coupling is to break up a relatively Full slippage will occur as long as the 
: P complicated vibrating system into its driving torque is less than the driven 
o A main components which prevents the torque. With an increase of driving wheel 
in- A transmission of strong torsional oscilla- speed, the torque rises rapidly until soon 
tle Ws tions from the engine to the driven shaft, it is sufficient to overcome the resisting 
er R or vice versa. torque and the driven wheel commences 
for S With the driven member at rest and to rotate with consequent reduction of 
er, -- Drivin the driver starts to rotate, the oil carried slippage. 
the whee: in the cells of the driving member flows At full speed the slip is about two to 
of to the outer circumference under the four per cent. This hydraulic slippage 
ich action of centrifugal force and enters the exerts a considerable damping effect 
np- FIG. 18 cells of the driven wheel. In this wheel, upon such torsional vibrations as they 
on Se iced still at rest, the fluid flows radially to the tend to occur in both the driving and 
ine. inner circumference and re-enters the driven parts of the system. 
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Fig. 1 


AUTOMATIC 


CLOSE examination of latest mod- 

els of machine tools, will reveal 

certain definite design trends with 
reference to lubrication. First, it be- 
comes apparent that designers consider 
central lubrication an integral part of 
the modern Secondly, 
where lubrication is required at many 
important surfaces, the system of central 
lubrication is usually selected as the best 
method of providing lubrication. And 
third, the various arrangements of oil- 
distribution and feed indicate the de- 


machine tool. 
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signers’ extreme freedom in applying 
the principles of centralized lubrication 
to individual machine standards and re- 
quirements. A number of typical appli- 
cations of automatic centralized lubrica- 
tion as on a lathe but applicable to all 
types of machinery are shown here, giv- 
ing an indication of the many possibili- 
ties when applying automatic centralized 
forced-feed lubricating systems. 

The lubricating system as incorporated 
in the new Model C Pratt & Whitney 
lathe is a compact unit construction 


Application of a completely concealed automatic centralized lubricating system to the carriage of a Pratt & Whitney lathe 


LUBRICATION 


WARREN O. WRIGHT 


which, as shown in Fig. 1, has enabled 
the designer to eliminate most of the oil- 
feed tubing by providing suitable drilled 
passages in the machine parts. 

Through careful design, and coopera- 
tion between the designer and the maker 
of the lubricating system, it was possible 
to automatically lubricate all bearings, 
gears and other surfaces on the apron 
and carriage at a minimum cost both for 
parts and assembly time. Moreover 
doing away with tubing resulted in ex 
ceptional neatness of design. 


Propuct ENGINEERING 


Bii 


ake 


hae: 


A». mata pind Se 





Fig. 2—Funetion of Filler Rods. 
Passages (oil manifold) are drilled in 
the carriage as illustrated. As will be 
observed all drilled passages are partly 
filled with rods—these filler rods having 
a very important function. 

Each operation of the lubricator intro- 
duces approximately 12 drops of oil into 
the system. This small quantity of oil 
must be distributed at 10 points. In the 
case of small-diameter tubing less than 
1, in. bore, there is practically no 
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tendency for air bubbles to be trapped. 
With drilled passages, however, it is 
found most economical, from a machin- 
ing standpoint, to drill the longer holes 
of a larger diameter. This presents a 
possibility of air bubbles being trapped 
in the passages. As a safeguard against 
the presence of air in the system, suitable 
filler rods are used of a diameter about 
1/32 in. less than the drilled hole. The 
elimination of air in the passages, com- 
bined with the use of a check valve at 


USaaisstd/ 


each outlet, maintain the distributing 
system full of oil at all times. In this 
way, even a small volume of oil, dis- 
charged by the pump, results in a definite 
pressure rise, so essential to efficient 
distribution. To properly distribute the 
oil, a pressure of 5 to 8 lb. per sq. in. is 
advisable. By use of filler rods, the 
volumetric capacity of the system is re- 
duced to a point which results in a rise 
in pressure to approximately 40 to 50 lb. 
per sq. in. at each operation of the pump. 





61 











CO On ay A ECGS To 


Fig. 3—Primary Oil Leads. The lubricator is mounted on 
the rear surface of the interior of the apron in such position as 
to assure the inlet filter being submerged in the oil. A slight 
depression under the lubricator inlet forms a pocket for sludge 
or other foreign matter. Shifter lever shaft A has a lug engag- 
ing the lubricator plunger. The rotating of this shaft, in start- 
ing the feed, raises the lubricator plunger; drawing a total of 
12 drops of oil through the dense felt-filter into the pump 
cylinder. On reversal of the shaft motion, in stopping the feed, 
the plunger is lowered by the pump spring—thereby discharg- 
ing the oil into the system under a pressure of approximately 
50 lb. per sq. in. at normal room temperature. Volume of oil 
delivered is always constant regardless of temperature, oil 
viscosity or other factors, since a fixed volume pump is used. 
Tubes B and C feed oil to gear trains. This method was decided 
upon, although the tubes could have been dispensed with, as 
has been done at other points. Tubes D and D’ are primary leads 
to the oil manifolds, as shown in Fig. 4, communicating with 
drilled passages in the carriage. 


Fig. 5—Special Meter-Units. Special meter-units are as- 
sembled in pockets communicating with the oil manifold, and 
largely fill these pockets—again to reduce the volumetric 
capacity of the system. 

The special M type meter-units are similar in outer, dimen- 
sions, but, by reversal of the inner parts and check valve, the 
oil feeds through the meter-unit in opposite directions in the 
two models; feeding towards the threaded end in the MKA type, 
and from the threaded end in the MKB. Either of the types is 
used, depending on the construction of the parts. In Figs. 2, 
4 and 8, MKA meter-units are at E, F, G and H, and are 
installed from the bottom of the carriage. Meter-unit.at E is 
mounted directly over a drip tube / (see Fig. 4), oiling one of 
the gear trains. Meter-units at F and H feed through passages 
J and K to the bearings L and M. Meter-unit at G supplies oil 
to the half nut N. Meter-units at O, P, Q and R are of the 
MKB type, and are assembled in pockets between the oil mani- 
fold and the bearing. Pipe plugs X (see Figs. 2 and 7) close 
the passages and permit removal of meter units if required. 
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Fig. 4—Assembly for Oil-Tight Joint. A simple and 
effective means of connecting an oil passage to an adjacent 
machine part. The carriage is drilled and counterbored to 
carry a sealing washer S of synthetic material, as shown in 
enlarged detail. The sealing washer is cut with angular sides, 
the larger diameter being assembled in the bottom of the 
counterbore to hold it in position until assembly. When the 
carriage is assembled to the apron, the seal is compressed, 
making an oil-tight joint. This construction avoids the need 
for tubing connections, etc., when assembling and disassembling 
the units. Tube D is a primary lead to the oil manifold, com- 
municating with the drilled passages in the carriage. The part 
E is the meter unit and / is the drip tube to provide lubrication 
for one of the gear trains. The horizontally drilled hole has a 
filler rod to decrease the volume. 

As will be seen in the enlarged section, the washer in the free 
position provides a slight clearance on the top diameter, making 
certain that no material will be displaced and slip into the joint 
between the two adjacent parts when assembling. 
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Fig. 6—Cross Slide Lubrication. 
Veter-unit at P, see Fig. 2, feeds the oil 
through a passage to the small hole 7, 
which is located so as to communicate 
at all positions of the cross slide— 
with the oil groove U shown here. A 
tube V is assembled in the cross slide— 
the lower tube end in the oil groove U, 
and its upper end slightly above the bot- 
tom of the oil reservoir W. Any oil flow- 
ing through the tube overflows into the 
reservoir, which is cast in the upper 
surface of the cross slide as shown. 

At Y and Y’ are assembled feeder tubes 
for the slides, and at Z is assembled a 
tube to feed the feed screw nut. These 
tubes are positioned so that their tops 
are at the same height, a little below the 
top of tube V. Oil overflowing from tube 
V raises the oil level in reservoir W, 
which overflows equally through tubes 


Y. Y’, and Z. 


Fig. 7—Oiling the V Ways. The 
two sides of the V ways are lubricated 
from one point. Oil is fed to the passage 
A from meter-unit at R. Two holes are 
drilled from the top part of the bearing 
to the drilled passage. Being small in 
diameter, these two holes act as capillary 
holes; and, as the passage A is practi- 
cally filled, oil is fed to the bearings only 
on operation of the pump—which intro- 
duces oil into the passage A under pres- 
sure, feeding about equally at both sides 
of the way. 






WLLL í 


\ N 7 
Ne WO NAA, 
~ % 






February, 1940 














MT = rare 


Ty 











VTL 













Fig. 8—Hollow Plunger Assembly. Oi] from meter-unit 
G is carried through drilling to the hole B. In this hole is 
assembled a hollow plunger C, so mounted that the spring D 
maintains a constant bearing between the plunger end C and 
the half nut NV, on movement of the half nut. A drilling in the 
half nut carries the oil to the thread. Because of the fit of 
plunger C, very little loss of oil occurs, especially as the oil at 
this point is not under pressure. 


Simplicity of Arrangement. Careful study of the various 
diagrams presented will clearly show that, despite the ingenuity 
employed in the oil-feed to the different parts, the entire oil- 
distribution arrangement is kept simple. Operation of the 
lathe has consistently demonstrated the trustworthiness of its 
lubricating system—every bearing served, automatically receiv- 
ing the required oiling. 

A point which again may be emphasized, is that the designer 
could have varied the arrangement considerably and still could 
have retained maximum lubricating efficiency. Automatic cen- 
tralized pressure-lubrication thus lends itself both to machine 
requirements and to the designer’s preferences and skill in 
arrangement of the various units which make up the system. 
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SCRAPERS AND WIPERS 


PROTECTION against damaging effects of small particles, which 
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enter between ways, guides and similar sliding surfaces, is 
necessary to increase the accurate life of a machine. Most 
designers have provided this protection with brass, bronze, or 
cast iron scrapers which clean the ways without scratching; 
with felt, synthetic rubber or leather wipers which mop up 
oil, water and small particles; or with combinations of scrapers 
and wipers. Diagrammatic sketches on these pages illustrate 
adaptations of these devices to all types of sliding surfaces. 
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FIG.7 Brass Strip and Felt 
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FIG.9 Felt in Bronze Retainer 
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SOME MACHINES are designed so 
that dirt and chips are kept 
entirely away from bearing 
surfaces. For example, leather 
aprons and spring expanding 
fabric bellows protect the ways 
of machines such as grinders 
and routers, while sheet metal 
guards are placed over the ways 
of other machines to deflect the 
chips. Telescoping brass tubes 
have been used to protect Small clearance 


splined rotating shafts. between casting 
and ways 


Brass casting 
4 ~ 


"A ~ 
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FIG. II Synthetic Rubber in Brass Retainer 
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BELLEVILLE SPRINGS 


For Spring Thrust Loaded Spindles 


PRING loading of spindles has 

been limited in its application 

because of the large outside diam- 
eter required, and the length necessary 
for the spring and its deflection to obtain 
the requisite load. Also with helical 
springs there is the possibility of the 
spring unwinding or winding up with 
the rotating spindle. 

A recent method for preloading ball 
bearings is to displace the inner race 
by a predetermined amount of thrust 
and grind this face flush with the side 
of the outer race. The bearings are 
interchangeable and an exact degree of 
tightness is always possible, but ex- 
pansion or contraction can cause a 
change in tightness which will promote 
serious heating and cause excessive wear. 
Ii is customary to fix the main load car- 
rying bearing in position and to provide 
a floating bearing on the opposite end 
of the spindle to accommodate changes 
in length. 

If the main load carrying bearing is 
of the angular contact, ball or roller, 
type and a Belleville spring is on the 
floating end so that there is a thrust 
between the finished surface in the hous- 
ing and the outer race of the rear bearing 
which will preload the main bearing, a 
rigid bearing is obtained in which there 
is not any radial or axial movement while 
under load, and this load will be elastic 
enough so that, over the usual range of 
difference in length between the spindle 
and its housing, there will not be any 
overloading. 

Assume that the spring thrust load on 
the lathe spindle shown in the illustra- 
tion is 12,000 lb. without any reference 
to the radial load, and that an angular 
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Mechanical Engineer 


contact ball bearing of approximately 
4 in. L.D., 10% in. O.D., 23% in. wide, 
with 2 in. diam. balls, will be used for 
the main bearing; it is rated for an axial 
load of 22,000 lb. at 500 r.p.m., so that 
it will have a margin of 10,000 lb. over 
the spring load to take care of thrust in 
service machining operations. 

The tail bearing will be of the angu- 
lar contact type, approximately 34% in. 
I.D., 8% in. O.D., 2% in. wide, with 
144 in. diam. balls. It has a thrust carry- 
ing capacity of 18,000 lb. at 500 r.p.m.., 
all of which could be utilized, if it were 
necessary or desirable. 

With the assumption of an axial work- 
ing load of 12,000 1b., and that the work- 
ing load is 2/3 the flat load, the flat load 
for the springs is 18,000 lb. Also assume 
that the O.D. of the spring is 834 in. 
and the I.D. is 4 in., giving 2.19 for the 


diameter ratio. 


When P = total load, lb. 
ô = deflection of each disk, in. 
t = thickness of disk, in. 
h = free height of each disk in. 
a = ratio of O. D to I. D. 

1 = 1% outside diam., in. 


2 


E = 30,000,000 lb. per sq. in. for steel 
S = stress at inside circumference, as- 

sumed to be 200,000 Ib. per sq. in. 
o = Poisson’s ratio, 0.3 for steel 


z 6 dg P 
= @ log.a | log.a 
. 6 (a — 1) 
a= m log. a Ee -1] 
a 6 a— 1 
m logea 2 


From the A.S.M.E. Transactions of 
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Belleville spring thrust loaded lathe spindle 





May 1936, page 305 (Almen and Laszlo), 
the formula for the load on each disk is 
found to be 


eae | 
P= gita 0-90a e] 


and the stress formula to be 


Eò ô 


By calculating for the solid load first 
and making ò = h, a thickness of 0.42 in. 
is obtained for each disk. 

If a pile of four disks is used the 
working data will be: 


Outside diam........ 
Inside diam...... 


:s6acee ak 
ped pacene 


I TI 5 oiciaiianais,' areisienie Wee 2.19 
Working load...............12,000 Ib. 
NR NN oe ics sw a uelacun 18,000 Ib. 


Deflection per disk ............0.42 in. 
Thickness of disk..............0.42 in. 
eT 1.68 in. 
TORRE GOO s 0.0. vt cn ce csi 1.68 in. 
Sk) eer 

To compare this Belleville spring with 
a helical spring of the same capacity and 
deflection, 


Let P = solid load or 18,000 lb. 





d = diam. of the wire, in. 
S, = allowable unit stress 80,000 lb. per 
sq. in. 
r = pitch radius of the coil or 3% in. 
@§S, 
p=" 
l6r 
and substituting these values 
d = 1.587 in. 


Taking d as 15% in. and G = 15,000.- 
000 the deflection is found from 

4 r? S, 
jaa x 





to be 0.505 in. per coil. 

The pitch of the coils then is 2.130 
in. A deflection equal to that of the 
Belleville spring would require nearly 
3% coils, making a total of about 714 
in. without counting the dead coils nor 
the necessary spring seats. 

From this comparison, it can be read- 
ily seen that the Belleville spring re- 
quires less space than a helical spring of 
equal capacity and deflection, and it is 
also much more economical to manufac- 
ture. There is an additional advantage, 
the Belleville spring resembles the ellip- 
tical spring in its softness of action. 
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NICKEL ALLOY STEELS 


Characteristics and Properties Required for Tractor Parts 


H. L. GEIGER 


Development and Research Division, The International Nickel Company, Inc. 


HEN it is considered that the 

power transmission groups 

which move tractors weighing 
from 2,500 to 32,000 lb. over all types of 
surfaces, practically none of which is 
smooth, and in addition must haul a load 
of two or three plows or disk harrows 
through all types of soil, operate a bull- 
dozer or haul heavy timber, it will be seen 
that no small engineering problem is 
involved in selection of materials and 
design. Therefore the particular alloys 
specified for the various parts of tractors 
are an excellent guide in the selection of 
materials for parts of other machines 
wherein comparable loads and operating 
conditions exist. Modern tractor design 
has not been so much concerned with 
reduction in weight as it has been in 
making a compact unit which meets the 
increasing demands for more power. 

Singly or in combination factors such 
as resistance to wear, fatigue or shock, 
toughness, or high yield strength may be 
of prime importance in the design of a 
particular part. Many of the properties 
desired in the various tractor parts are 
indicated in Table II, and in Table IV 
the chemical analysis range of the steels 
referred to are presented. 

The various shafts in tractors are de- 
signed principally for torsional loads and 
deflections rather than to resist bending, 
and because of the high torques involved 
the sections are relatively large. 

Experience has shown that tractor 
shafts which have uniform cross-sectional 
hardness give least trouble in respect to 
torsional failures and permanent set 
under torque loads. The nickel, nickel- 
chromium, and nickel-chromium-molyb- 
denum steels are known to respond to 
hardening in this manner throughout the 
relatively large sections involved in trac- 
tor design. The results obtained through 


raising the over-all hardness in quench- 
ing with the accompanying increase in 
strength has given these steels a position 
of importance among tractor builders. 

Tractor power transmission shafting is 
made of both carburizing and oil-harden- 
ing alloy steels. Carburizing grades are 
usually specified for the spline shaft on 
which the sliding gears are mounted. 
With alloy steel shafts the maximum tor- 
sional values are obtained as well as 
maximum wear resistance on the car- 
burized surfaces. Alloy is preferred to 
the plain carbon steel because of the 
resultant higher and deeper core hard- 
ness accompanied by greater strength and 
toughness. Alloy grade with 0.20 carbon 
is preferred to 0.15 carbon Jecause it 
provides higher torsional strength. 

Not only for the spline shaft but for 
all other shafts where loading is not 
overly high but where maximum wear 
resistance on part or all of the shaft 
is required, carburizing alloy grades are 
used. This practice is frequently fol- 
lowed where it is economical to forge 
a shaft and pinion integral. Typical ap- 
plications on certain models are the 
power take-off shaft and pinion, belt 
pulley shaft and pinion, bull pinion and 
shaft; and, in some of the smaller models, 
axle countershaft and pinion. Four 
popular steels for these parts are S.A.E. 
3120, 4620, 4820, and 2320, which by 
single or direct quench heat-treatment 
after carburizing will render the shaft or 
integral gears file hard or equal to 
a C 60-62 Rockwell hardness. 

For parts where toughness and high 
torsional strength are prime considera- 
tions and resistance to wear is secondary, 
the so-called oil-hardening steels with 
their higher carbon content are satisfac- 
tory. The nickel steels suitable for shaft- 
ing falling in this classification are S.A.E. 


TABLE I—Torsion Test Data 








DIAMETER 
AT POINT OF TORSIONAL TORSIONAL 
' FAILURE, SURFACE ELASTIC YIELD ANGLE OF 
S. A. E SPLINED BRINELL Limit Point TWIST AT 
SPEC. ENpbs NuMBER In. Le. In. LB. RUPTURE 
ee 2% in. 321 242,000 319,000 38 deg. 
NO E Be 2% in. 352 275,000 357,000 34 deg. 


——— -nmmn e NS AE A E EAE S SASEA A RERS E a o 
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3140, 324v, 2345, and 4340, with alloy 
content increasing to offset “mass” effect 
in depth hardening. As a rule axles and 
shafts are treated to hardness ranging 
from 302 to 425 Brinell. (Editor's Note: 
The trend has been towards the higher 
hardnesses as it has been found that 
axles with a higher Brinell range from 
400 to 450 have higher endurance limits, 
lessening the dangers of fatigue failures 
at the same time providing higher tor- 
sional strength.) The general practice is 
to harden the main portion of the shaft 
to a Brinell range of 320-350, and the 
ends which are splined to receive the 
wheel hub or differential gear, where 
failure is most likely to occur, are 
hardened variously from 365-425 Brinell, 
depending on the endurance requirements 
of the particular design. 

The observations from torsion tests 
listed in Table I were made on full sized 
S.A.E. 3140 axles, water quenched and 
drawn to the indicated hardnesses. 

The various specifications and values 
shown in Table III are for 3 in. diameter 
rounds; quenched and drawn at 1,000 
deg. F. These values are presented pri- 
marily to show relative hardening and 
strengthening effects of alloy for a given 
diameter and draw temperature, using 
plain carbon 1040 as a basis for com- 
parison. In Table III the effect of alloy 
content on “mass” is clearly shown. 

In recent years the nickel-chromium- 
molybdenum steel, S.A.E. 4340, has been 
adopted for comparatively large diameter 
axles where the optimum in strength is 
desired. The higher alloy content of 
this specification produces a higher hard- 
ness on quenching and subsequent tem- 
pering than can be obtained in plain 
carbon or a lower alloy content steel. 
An outstanding feature of this steel is 
its response to machining at high hard- 
nesses. Splines can be milled or hobbed 
in these axles at a hardness of about 450 
Brinell under special conditions and 
at 388 to 411 Brinell under ordinary pro- 
duction conditions, with an 18-4-1 high- 
speed steel cutting tool and a sulphur- 
type cutting oil. 

The 16 to 24 steel bearings including 
both ball and roller types in a tractor 
are mounted with great care. Mis-align- 
ment of a shaft to 0.001 to 0.002 in. has 
been known to produce concentrated 
stresses on mating gear teeth of sufficient 
magnitude to produce failure. Mis- 
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NAME OF PART 


TABLE II—Alloy Steels and Property Requirements for Crawler and Wheel Type Tractor Parts 





DISTORTION IN HEAT-TREAT. 
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TOUGHNESS AT ELEVATED TEMP. 


Hiıcu YIELD PoInNnT IN TENSION 
Impact RESISTANCE AT Low TEmP. 


Hıcn TORSIONAL IMPACT 
Hıcu YIELD PoINT IN SHEAR 
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RESISTANCE TO WEAR 


DuctiLity 


MIN. 





RESISTANCE TO SHock (IMPACT) 
| RESISTANCE TO PITTING FATIGUE 
| Hicu YIELD POINT IN COMPRESSION 





Motor crankshaft........ 


* 


-+ 
* 
* 


| * | TOUGHNESS AT ORDINARY TEMP. 
| | Hicu Yretp Pornt IN BENDING 








S. A. E. ALLOY STEEL 
SPECIFICATIONS Com- 
MONLY USED 
(0.15 and 0.20 carbon 
grades carburized; and 
0.30 to 0.50 carbon oil 
hardened) 


3140, X-3140 








Intake valves........... 


3120, 4620, 2315 





3140 








Exhaust valves.......... 





Clutch hub and joints... . 


|e |e | %* 


21% Cr., 12% Ni. 











Clutch shaft............ 


Transmission gears....... 


3140 
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| + | + | + | + | + | % | RESISTANCE TO FATIGUE 


3140, X-3140 











Transmission spline shaft. 


Transmission countershaft. 


Power take-off shaft... .. 





3120, 4620, 2315, 2345, 
1820 


3120, 4620, 3140, 2315, 


4820 








+ || l 


3140, 4340, 4820 


3140, 3120, 4620, 4320 











Power take-off gears... .. 





Belt pulley shaft......... 


Belt pulley gears......... 





3120, 4620, 4320 


3140, 3115, 4620, 3120, 


1320 


3120, 4620, 4320 








Differential shaft........ 


Differential side gears... .] 


Differential pinion....... 


Drive bevel ring gear..... 


3120 
3120, 4620 


3120, 4620 











Main drive bull gears... . . 


+ | 
A | | | ot |e | 
+++] * 


3145, 3120, 4620, 2345 





PN 65s six eco 


Bull pinion shaft......... 


Sprocket shaft........... 


PID 6 aces sixicu eee 


* 
* 
* 


3140, 3120, 2345 





Rear axle ring gears...... 


3145, 3120, 4620 





E S ea 


Countershaft axles....... 





Steering knuckle pin... .. 


| | E a E | 





Front axle vertical shaft. .| + 








Steering gears and sectors. 


Motor studs and bolts... . 





tft ft tf lef ele] ot felt |e |e 


3120, 4620, 2315 


3120, 4620, 2515, 2315, 
2345 


3140, X-3140, 2345 


3140, X-3140, 3250, 4340 


4620, 3140 

3140, 4620 

3120, 4620 

3140 

3120 

3135, 3140, 2330 








Connecting rod bolts... .. 











Body studs and bolts.... . 


+| | j|] j] | 





Roller bearings 
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3140, 2330 
3140, 2330 
3120, 4620 
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ilignment also produces deflection in 
shafting which may result in badly over- 
loaded bearings, if not shaft failures. 

Having once obtained rigidity and 
alignment in proper shaft mounting, this 
condition must be maintained by the 
selection of a steel suitable for the bear- 
ing in which resistance to wear and shock 
as well as a high yield point in compres- 
sion are essentials. These properties are 
met by S.A.E. 4620, an alloy commonly 
used for taper roller bearings. This alloy 
steel is resistant to wear and has a long 
true running life, thus contributing to 
the maintenance of proper shaft align- 
ment. The core toughness of this mate- 
rial also provides the desired ability or 
capacity to resist shock. 

Three factors have had a direct in- 
fluence on gear design and materials for 
tractors. These factors are operating and 
service demands for: 

l. Quieter operating units 
2. Higher road speeds 
3. Increased power 

To accomplish the first, tractor engi- 
neers have specified that gear teeth be 
cut by improved methods. Also, when- 
ever possible, the size of the gear has 
been reduced, which coupled with in- 
crease of power has led to the selection 
of stronger gear steels. Introduction of 
high pressure lubricants has made it 
possible to further increase tooth loads, 
which in turn introduces another factor 
demanding stronger steels. 

Increased engine speeds have recently 
become an added consideration necessitat- 
ing greater gear reduction which in- 
creases the problem of producing quiet 
power transmission. 

Spur gears are used primarily because 
the permissible wide area of tooth can- 
tact makes possible the transmission of 
comparatively heavier loads. In mesh- 
ing, the tooth action of a perfectly de- 
signed spur gear is that of rolling contact 
as distinguished from sliding contact of 
the hypoid type. However, because of 
volume change in heat-treatment, deflec- 
tion under loading and possible errors 
in cutting, a slight departure from the 
ideal tooth contact may result in small 
areas of sliding contact which under light 
loads are harmless, but which under the 
high compressive loads encountered in 
tractor gearing might result in failure of 
the surface layers of the tooth from 
crushing, pitting, or spalling. To avoid 
this type of failure the tractor designer 
has chosen steels, usually carburizing 
types, capable of furnishing relatively 
high surface hardness. 

Notch effect acting as a stress raiser 
is a factor to be considered particularly 
in the manufacturing operation. Tool 
marks which introduce localized areas of 
stress concentration in service can be 
the source of fatigue failure. Critical 
wear at the pitch line or area of highest 
pressure, concentration of stresses at the 
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TABLE I1I—tTension Test Data 





TENSILE YIELD 

STRENGTH PoINT ELONGA- REDUCTION 

S. A. E. Le. PER LB. PER TION or AREA SURFACE 

SPEC. So. In. So. IN. PER CENT PER CENT BRINELL 
1040 W. Q.... 96,000 61,000 24 49 186 
3140 W. Q.... 127,000 97,000 22 55 240 
3240 0. Q.... 147,000 118,000 19 47 } 290 
t340 0O. Q... 178,000 153,000 15 46 365 








TABLE IV 


Chemical Analysis of Alloy Steels Commonly Used in Tractors 








S. A. E. SPEC. CARBON MANGANESE NICKEL CHROMIUM MOLYBDENUM 
SEE o a e 0.10-0.20 0.30-0.60 1.00-1.50 CODO Tna 
i O GIS 0.30-0.60 1.00-1.50 OBOE: ahedaecics 
ME ach erry erates 0.35-0.45 0.60-0.90 1.00-1.50 0. SSO T sce et eaves 
MONA ov oonan 0.35-0.45 0.60-0.90 1.00-1.50 0.60-0.90  .....an, 
WS a aA 0.40-0.50 0.60-0.90 1.00-1.50 OE a A sh wa ceceue 
a a a ys is 0.45-0.55 0.30-0.60 1.50-2.00 OSOS cionada 
IE ies ote dats 0.10-0.20 0.40-0.70 EOS SE ~~ csecwenes 0.20-0.30 
I n aa 0.15-0.25 0.40-0.7 EE o O E Ea 0.20-0.30 
I ikea wwe een 0.15-0.20 0.40-0.70 1.65-2.00 0.30-0.60 0.20-0.30 
n aa 0.35-0.45 0.50-0.80 1.50-2.00 0.50-0.80 0.30-0.40 
E aaa 0.10-0.20 0.30-0.60 TOR EDs occire LE aAA 
E ee? 0.15-0.25 0.30-0.60 O o r S E E E 
E a a a a 0.25-0.35 0.50-0.80 SOORA. aa aan A 
a a a 0.40-0.50 0.60-0.90 DUNE: » ettcewee ~ eben ieee 
ee 0.15-0.25 0.40-0.60 3.350.  nuoicscei 0.20-0.30 
E a T 0.10-0.20 0.30-0.60 IRR A eaka ) aa 


surface of the tooth under bending loads 
where the stresses exceed the propor- 
tional limit of the surface structure, and 
insufficient core hardness to adequately 
back the case under compressive loads 
are possible causes of failure in tractor 
gears. Concentration of loading caused 
by the shifting of contacting area from 
a full bearing across the tooth face to a 
small highly concentrated load on the 
end of the tooth is also a source of pitting 
fatigue failures. This last defect can be 
avoided by proper alignment of the shaft- 
ing on which the gears are mounted and 
also by the selection of proper bearing 
size and materials. 

Low crushing loads at point of tooth 
contact depends on many design factors. 
At best, designing with alloy steels may 
decrease the size of the gear to only a 
limited degree since there is an optimum 
stress for even the best alloys. Under 
commonly encountered conditions com- 
pressive stresses, as determined by the 
Herz method, range from 125,000 lb. per 
sq.in. on transmission gears to as high 
as 250.000 lb. per sq.in. on final drive 
gears in track-laying type tractors. Under 
certain operating conditions this maxi- 
mum value has been reported to reach 


300,000 Ib. per sq.in., but only for short 
periods of operation. 

In addition to the factors enumerated, 
shock resistance must also be considered 
for the ability of tractor gear steels to 
resist suddenly applied loads is of great 
imporiance. Shock loadings may be en- 
countered in engineering or plowing 
service of a magnitude difficult to calcu- 
late except by empirical means. 

Another factor which the tractor de- 
signer must take into account is the effect 
of operating temperatures on gears. Since 
a tractor is in service the year round, 
gears and other parts are subjected to 
temperatures ranging from 40 deg. F. 
below zero to temperatures reported to 
be as high as 400 deg. F. Sudden loads 
imposed on gears in starting a tractor 
that has been exposed to sub-freezing 
weather may result in breakage if suit- 
able steels are not used. From service 
and laboratory tests it has been found 
that the presence of nickel in steel helps 
to retain most of the shock resisting 
properties when subjected to low tem- 
peratures. 

Although temperatures up to 400 
deg. F. have been reported as a result of 
the heat generated from the high com- 
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pressive loads coupled with atmospheric 
temperature, 250 to 300 deg. F. 
common, While the large size of the gears 
permits rapid conduction of heat away 
from the surface of the tooth thus pro- 
viding a cooling influence, lubricants 
have heen known to become so thin from 
the temperatures developed that fuming 
was noted. Under such conditions the 
gear steels are put to a severe test. 
Alloy steel gears are generally speci- 
fied, except in a few instances where 
plain carbon steel will serve. The alloy 
carburizing grades are generally pre- 
ferred to the medium carbon oil-harden- 
ing grades as greater wear resistance is 
obtained, as well as a higher endurance 
limit because of the high case strengths 
obtained in the carburized layer where 
stress concentration is greater under 
bending loads. Case breaking strengths 
range from 225,000 lb. per sq.in. in 
hardened S.A.E. 3120 gears to as high as 
365.000 lb. per sq. in. in S.A.E. 4820 and 
2515. Resistance to compressive loads is 
still higher. The degree of resistance to 
compressive loads depends to a certain 
extent on the type of heat-treatment. 
Direct quench from the carburizing tem- 
perature or a single quench to include 
both the case and core will produce a 
core structure sufficiently hard to form a 
suitable backing for the case. Either prac- 
tice results in minimum distortion. Re- 
fining the case structure and leaving the 
core untreated should by all means be 


is more 


avoided as failure of the case is almost 
certain to result from crushing, particu- 
larly on such parts as pinions. Although 
the double quench treatment may fur- 
nish a slightly higher case strength, the 
core is softened considerably on reheat- 
ing for the case treatment and little is 
gained in respect to resistance to crush- 
ing loads. The double treatment, how- 
ever, provides slightly better wear as a 
result of the refinement obtained in the 
case, and does provide somewhat higher 
resistance to impact. 


Properties Needed 


Various degrees of strength, toughness 
and hardness are needed in a steel as a 
guarantee or insurance against the sev- 
eral factors contributing to failure of 
parts. Table V contains a list of the car- 
burizing steels which have given satisfac- 
tory service in both the track-laying type 
tractor and the wheel type; core proper- 
ties under various heat-treatments are 
also included. 

Carburizing steels containing nickel 
have, in addition to their toughness and 
strength, a response to hardening which 
is of advantage in heat-treating. The 
presence of nickel depresses the critical 
hardening temperature range which in 
turn minimizes the tendency to scale or 
decarburize, also the distortion and vol- 
ume changes in quenching and carburiz- 
ing are held to a minimum. The latter 





being a very important factor in treating 
the larger gears. s 

A carbon range of 0.15-0.22 is consid- 
ered desirable for alloy tractor gears. 
This range permits satisfactory machin- 
ing of the blanks after controlled normal- 
izing, while the carbon is sufficiently high 
to produce a uniform sorbitic core struc- 
ture on quenching which is an advantage 
from the toughness and impact stand- 
point; also a deep case can be obtained. 
With carbon contents much over 0.22 the 
impact strength of the gear is lowered. 
With higher carbon cores the practice is 
to use thinner cases, which although per- 
mitting a saving in carburizing costs, has 
a lower resistance to crushing loads, par- 
ticularly on the larger and more heavily 
loaded gears. To drop the carbon con- 
tent below 0.15 is not usually desirable, 
since it is likely to result in a “stringy” 
machined finish and insufficient core 
hardness for proper backing of the case 
in the hardened gear. 

For service involving rolling contact 
and extremely high unit loads it is gen- 
erally accepted that a case of eutectoid 
composition or slightly higher at the sur- 
face is preferred. To obtain this carbon 
concentration a case depth of 0.045 to 
0.055 in. is necessary, and can be readily 
obtained with the proper control. The 
presence of nickel also acts to hold 
excess carbides in the outer layer of the 
case to a minimum under the more eco- 
nomical carburizing conditions. 


TABLE V—Physical Properties of Some Tractor Gear Steels 





Type of heat- 


treatment 
S. A. E. Spec. after 
carburizing 
DEIS SUD... o ai A 
aS re B 
4615, 4620...... ee B 
ee G 
ee +» bss Sie a B 
he | ané A 
Se nis ccndawek nea B 
Bea eens ss B 
PRS Sok hc has sae ce ee A 


Tensile 


Core PROPERTIES 


‘Yield 


strength point Per cent Per cent Hard- Izod Case 
lb. per lb. per elong. Red. in ness Impact hardness 
sq. in. sq. in. in 2 in. area Brinell ft.-lb. Rockwell C 
125,000 85,000 25 55 255 55 62-63 
155,000 125,000 13 43 335 30 60-62 
145,000 105,000 17 52 300 45 60-62 
135,000 105,000 20 5: 290 65 59-61 
160,000 135,000 11 17 345 35 59-61 
95,000 60,000 35 65 195 85 60-62 
200,000 165,000 14 54 375 28 59-61 
195,000 160,000 14 50 385 30 58-60 
145,000 115,000 20 60 27 50 59-61 


Heat-treatment: A — Cool from carburizing temperature; reheat to 1525-1550 deg. F., oil quench, reheat to 1400 deg. F., and oil quench. 
B — Cool from carburizing temperature; reheat to 35-50 deg. F. above the core critical and oil quench. Treatment 

best adopted to fine grain steels. 

C — Remove from carburizing box or gas carburizing furnace at carburizing temperature and quench in oil. 


Treatment “ C” 


being employed, and is referred to as direct quench practice. 


is being increasingly used on 3115 and 4615 in tractor plants where gas carburizing is 


Single and double quench treatment continues to be used on 2315, 4820 and 2515 employed principally in 
crawler tractor construction. 
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Cleveland Tractor Company 


ROAD SHOW DESIGNS of 1940 


Details of New Construction Equipment Features 


MPROVEMENTS _ in _ fabrication 
methods, applications of new alloys, 
anti-friction bearings, synthetic seals 
and automatic controls are illustrated in 
the following design detail presentations 
of new road-building equipment exhib- 
ited at this year’s Road Show. 
Controlled welding is used extensively. 
Welded booms, built-up from formed 
sheets, are light in weight without any 
sacrifice in strength and therefore re- 
quire less counterweighting at base. One 
manufacturer uses welded steel tubing 
for booms on shovels up to one cu. yd. 
in capacity, larger sizes have structural 
angle corner members and strut mem- 
bers of steel tubing. For complicated 
parts steel castings are generally used to 
facilitate production. The Thew shovel 
boom is combined weld-cast construc- 
tion; sides are formed channel shape 
of varying depth, cover plates welded 
on and the cast steel X-member and cast 
steel end connection fork welded in. 
Machine bases are welded or cast 
according to the individual designer’s 
preference. Bay City machine bases 
are cast of nickel-manganese steel, heav- 
ily ribbed, since it is claimed that a 
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good alloy casting will not only with- 
stand torsion but will also absorb shock 
and vibration. On the other hand, the 
Harnischfeger machine base is built up 
around one deep-section formed sheet. 
Forgings because of their uniform 
strength and machinability are used for 
highly-stressed parts such as sprockets, 
crawler shoes and table rollers. Crowd 
rack teeth are forged in short sections 
for easy replacement; bucket teeth are 
usually forged steel or cast manganese 
steel and are replaceable. 
Flame-hardening and flame-cutting are 
used extensively. One trencher manu- 
facturer flame-cuts the bucket wheel rim 
from one sheet of high-tensile steel, the 
inner circumference having a flame-cut 
bevel edge to provide a better seat for 
the forged teeth sections welded on 
later. This manufacturer flame-cuts 
buckets from the same sheet; they are 
later formed and welded. Sprocket 
wheels on one machine are of interest- 
ing construction: two flame-cut circles 
are dished and flame-cut for a cast steel 
hub which is welded in, bar stock is 
then formed and welded to the outer 
edges of the dished circles, and sprocket 


teeth are flame-cut through a template. 
Flame-cut teeth have a hardened surface. 

To reduce frictional losses, Bay City 
and Link-Belt use grease-sealed ball 
bearings on all shafts and sheaves. An- 
other shovel manufacturer Superfinishes 
main shafts. Pressure lubrication is 
through Alemite or Zerk fittings; Har- 
nischfeger countersinks these fittings «n 
the crawler assembly for protection. 

Mechanical control with booster 
clutches is found in some equipment, 
others, such as LeTourneau, use pre- 
formed steel cable control, while Link- 
Belt and Harnischfeger have hydraulic 
control, the latter a newly-developed 
low-pressure system similar to automo- 
tive hydraulic braking. 

Power can be furnished by gasoline 
engines or diesels according to customer 
preference; the two-cycle General Motors 
diesel is finding wide acceptance because 
of its relatively small size and weight. 

Space and time limitations naturally 
do not permit presentations of every 
product exhibited, but in later issues 
more outstanding construction machinery 
will be presented in our Modern De- 
signs section. (Continued on next page) 
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Powerep by a General Motors six-cylin- 
der, two-cycle diesel, this Allis-Chalmers 
HD 14 tractor weighs 27.900 lb. and 
exerts 108 hp. at the drawbar. Two 
smialler sizes in this series, having the 
same constructional features, are pow- 
ered with four and three-cylinder diesels 
and furnish 71 and 54 drawbar hp. re- 
spectively. Transmission is of constant- 
mesh type. Spiral bevel gears are used. 


Torque eurve on the diesel is maxi- 
mum between 800-1,200 r.p.m. Since 
normal operation is between 1,5090-1.599 
r.p.m., any overload slows engine down 
into range of maximum torque giving 
slightly higher drawbar pull. Variable- 
speed governor permits slowing engine to 
half speed without loss of drawbar pull, 
thus making possible use of throttle in 
any speed and eliminating considerable 
shifting. Shafts are Tocco-hardened. 










Front end crankshatt 4 
balancerand torsional noenee 
vibration damper drive gears 









Removable 
aluminum 


bearing Q ery 





Balancing. Two weights, rotating in opposite directions with 
respect to each other, are used at each end of the engine. Rear 
weights are cast integral with camshaft and balance shaft drive 
gears. Front weights, articulated on hubs, are spring-loaded to 
damp torsional vibration. Replaceable aluminum bearings on 
camshaft are held in position by snap rings. 
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Two-Cyele Diesel. Graphite-Bronze Clutch Plates 
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Pistons are cooled by lubricating oil supplied through the 
rifle-drilled connecting rod and sprayed against piston head. 
Two short grooves milled into connecting rod bearing shell are 
in constant registry with three oil-feed holes in the crankpin 
and supply a continuous stream of oil to a semi-circular groove 
in the connecting rod. A fixed orifice is used at end of rifle- 
drilled connecting rod. Piston pin is fitted with needle bearings. 


Fue/.contro/ shatt 











Bronze jacket permits 
water cooling of 
injector 

Piston cooled 


Ly forced 
flow of lubri- * Blower assembly 
cating oil mounted in alu- 


mihum housing 
bolted to side of 
engine 


Hollow 
aluminum 
rotor 
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Steel plate 
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Synthetic rubber. 
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Composition 
seal 


faces steering 


and 


Steering clutch 
brakes are lined with Velvetouch, a 
graphite-impregnated bronze material 
welded to a steel backing plate. Clutch 
driving plates are splined to shaft; driv- 
en plates are splined to clutch outer 
housing to which brakes are applied. 


Crawler treads pivot about rear axle 
and are supported against side sway by 
two crank and link stabilizers. Thus 
tracks can move up and down freely but 
always maintain alignment. Stabilizers 
carry no weight. This construction pro- 
vides for necessary oscillation yet has 
strength of rigid track construction and 
even in large machines eliminates the 
need for the usual heavy tractor frame. 


Neoprene ring 
applies pressure 
to seal 







Stationary seal 


Rotating seal 


Lubricating 
plug 


Counterbored 
hole 


forged 


Positive-seal truck roller is fabricated 
of two forged parts welded at center and 
has bearings completely sealed by two 
steel rings held in tight contact by a 
ring of compressed neoprene. Lubricant 
is supplied through counterbored shaft. 
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borer 


Velvetouch 
brake 


blocks 


Grease-filled 
charm ber 





Dead axte 
pressed in place 









Spline Braking surface 


Leaf spring | 
supports engine ————> 


Crank and link stabilizers 
Aold truck frames in 
alignment yet allow 
track oscillation 


Rolled sections ‘Machined surface 


Redesign of track release mechan- 
ism utilizes a bellcrank to apply spring 
pressure to the front idler. Front idler 
runs on roller bearings and has positive 
seals similar to those in truck rollers. 
Idler is a single steel casting having a 


Track rails 


large built-in oil reservoir. 
are drop forged and hardened to obtain 
additional wearing qualities and tough- 


ness. Track shoes have deep grousers. 
Sheet metal guards on underside of 


engine are standard on this tractor. 
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All-Welded Construction in Hydraulic Shovel 


CONVERTIBLE to shovel, dragline, crane 
or trench-hoe_ service, the Link-Belt 
yy Speed-O-Matic has all principal parts 
N N welded and stress-relieved. Change of y 

' front end equipment is made without 

disturbing basic machinery. Change in ý 
speed for various types of front end 
equipment is made by replacing silent 
chain pinion on engine shaft or changing 
detachable split drum shells. Buckets 
are manganese steel. Bearings for drive 
axles are integral with crawler side 
frames and are bronze-bushed and dirt- 
sealed. Drive chain is taken up by 
sliding side frames on finished seat of 
cross members and inserting shims be- 
tween face of cross member and face of 
side frame. Screw-type tension take-up 
is used on crawler. 


Self-aligning rollers and center-pin 
bearing. Forged and heat-treated steel 
rollers are housed in cages with trun- 
nions which fit into the revolving table. 
This construction insures full face con- 
tact of rollers on roller path and elimi- 
nates concentrated loadings resulting 
from point contact as when conventional 
rollers are loaded eccentrically. Roller, 
roller path and bearing life is increased. 
Center pin of forged steel turns in two 
bronze bushings in a self-aligning center 
pin bearing in the rotating base. Center 
pin is fitted with anti-friction bearings, 
dirt-sealed. Vertical shaft is alloy steel 
heat-treated and splined. Two anti- 
friction radial and thrust bearings are 
used at top of vertical travel shaft, which 
runs inside of center shaft, instead of | 
conventional thrust washer usually i 
placed behind bevel gear pinion. 
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ip rotating base 
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Lower frame.__‘ 
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SELF-ALIGNING CENTER PIN BEARING 





SCHEMATIC OF SELF-ALIGNING 
ROLLER ASSEMBLY 
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Cylinder. Piston Clutch spider : 
Spring Packing type ---Check valve 





| Piston cup. rotating joint 
eo 
ti Exhaust 
Clutch bee manifold 
shaft N 650-/b. per s in nitrogen gas Vane type 
= i SA 4 ite high-pressure pump 
Shoe - ----+---- ¢ ! 
Dead end----- Oil seal Check valve 


| lining 










Valve Ea 
\Cylinder-- ----- $a A 






Friction Clutch Assembly 
Showing One Shoe 


‘High-pressure 
manifold 


t 





Oil filters- 


Hydraulie control is applied to all 
principal operations, including steering 
and traveling, through variable-pressure 
valves centralized on a single control 
panel directly in front of operator’s cab 
seat. Pressure is supplied by a small 
hydraulic pump V-belt driven from the 
diesel or gasoline engine. Oil is deliv- 
ered to a pressure manifold to which 
control valves are connected. A gas- 
loaded accumulator, oil-sealed, prevents 
formation of air pockets in the pressure 
line. Pressure oil connection to clutch 
and brake operating cylinders are 
through packing-type rotating joints. 
Brakes lock when machine stops. 


Hydraulic feed 
to operate clitch 
cylinder 


Hydraulic 
controls 


All-welded deep  box-section lower 
frame is designed with a totally-inclosed 
oil-tight chamber for propelling gears 
and totally-inclosed chambers for steer- 
ing and locking brakes and propelling 
clutches. This construction with integral 
cross members is twice the depth of the 


Accumulator 
cylinder 


eilec ‘nickel iron drums- he conventional design lower frame mounted 
Stee/ drum shells not on separate cross members. Entire frame 


is stress-relieved before machining. 

Inclos Pe ha $ Ses seo Drums are annealed nickel iron, bronze- 
silent chain. ("idl , * ersing chute. ss i bushed and mounted on heat-treated 
-drive Soh 4 Xa tin PP nics aa hee alloy steel shafts equipped with renew- 
able cast-steel grooved shells. 


Propelling, steering and locking ar- 
rangement consists of a traction shaft, 
bevel-gear driven from vertical travel 
shaft, and fitted with roller chain drives 
to drive axles at one end of crawler side 
frames. Clutch and brake for each 
crawler are interconnected and operated 
by one lever. Slow-speed traction shaft 
runs in bronze-bushed bearings. Grease 
fittings on both lower and upper frames 
are grouped at a single point and marked 
to indicate kind of lubricant and fre- 
quency of lubrication required. 
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Diesel-Powered Scraper. Cable-Controlled 





e 


ROAD CONSTRUCTION costs can be re- move materials rapidly, combining high powered by a 160 hp. Caterpillar diesel. 
duced considerably if loaded materials loading capacities with truck speed for Fully loaded, the machine can travel at 
are moved to the dumping ground as dumping. This Tournapull, one of the 18 to 20 mi. per hr.; when empty, speed 
quickly as possible. The Le Tourneau largest pieces of equipment shown at the is 26 mi. per hr. Machine is steered by 
Tournapull was especially developed to Show, has a capacity of 45 cu.yd. and is independent control of each wheel. 
Rear view showing spiral sheave and i ; ae aati 7 
coil spring housing. Scraper is arc- cee ; fide EE, 


welded throughout. Sides of bucket and 
body are a special fairly high carbon 
content sheet steel, with good wearing 


























and welding properties. Side reinforc- KR 
ing members are ship channel sections. k 
Sheet and channels are welded in a 
special jig in which the plate is held in 
a curved position. When pieces are re- 
moved from jig and cooled they assume 
straight position. Bottoms of buckets 
on large carryalls are double thickness 
special alloy steel with a hardwood filler 
that acts as a buffer for rocks. Hard 
facing is used on the top of the reversible 
cutting blade. 






<a Transmission case for the driving gears and the wheel 
Purolator for brakes is of welded construction and is stress-relieved. This case 
, transmission is on the aft end of the welded frame that supports the over- 










; 
1 olf LA hung diesel engine. Weight of engine plus most of load weight 
is carried on the front wheels equipped with 102 in. low-pres- 
sure rubber tires specially manufactured for this design. Wheels 
and gears are welded. Gear rims are rolled sheet, webs are 
circular-cut sheet, hubs are formed from sheet or bar stock. 
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Bearing 
cone ~.. 


Oil seal ` 
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retainer 


Sheaves are fabricated of a center disk 
of alloy steel and two outer disks of mild 
steel, flame-cut from steel plate and 
welded together. Cable groove is 
machined in alloy steel center disk which 
is highly resistant to cable wear. 
Sheaves are mounted on roller bear- 
ings and have Zerk lubrication fittings. 





Power control unit, equipped with 


gear reducer, brake and clutch has two 
cable drums, the standard drum being 


7. in. in diameter and 75% in. long, 
with a capacity of 186 ft. of 1-in. 
cable. Where more cable capacity is 


required, a special drum 145% in. long 
is provided, having a capacity of 357 
ft. of cable. All drums are welded and 
have 13-inch-diameter flanges. 
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Dump Cable Threading 


From leftdrum on power contro/ unit 
through swivel sheaves as follows: O-N- 
M-L-M-K-F-D-C-]-B-I-B-I-B-E-H-G-A- 
J-A-J/-A-J 


Spiral 
sheave 


Cable size and sheave size are stand- 
ardized, sheaves being of 94% in. tread 
diam. and cable being 1% in. pre-formed 
plow steel with independent wire-rope 
center. Standardization of cable size 


allowed standardization of power unit 
including gear reduction, brake drums 
power unit 


and sheaves. The same 


Each cable feeds from its drum to a 
spooling sheave, then to a fair-lead 
sheave, and thence to the scraper sheaves. 
The housing of each sheave is pivoted 
so that the sheaves can swing, allowing 
the cable to spool evenly onto the drum 
with a short lead, and the lead sheave 
and cable to remain in line with the 
first sheave on the scraper. 

By locating the pivots of both sheaves 


Tractor neck 
Structure- 


Gasket---~~" 





can be used on all equipment. Power 
cable pulls tail gate forward against 
tension supplied by a group of coil 
springs in a tubular housing. Cable run- 
ning through the center of these springs 
to a pull plate passes over drum at- 
tached to spiral sheave, which maintains 
2,000 lb. tension on tail gate at all times. 







teft 
a handie 


La 


Cam for 
brake 
release 






‘Clutch 
release 


directly in line with the vertical length 
of cable that feeds from one to the other 
sheave, the turning of either or both does 
not change the position of the cable be- 
tween the two sheaves, and therefore 
there is no binding of the cable against 
the sides of the sheave grooves. 

Extra length of cable is carried on a 
storage drum. As cable wears, worn 
part at power end can be cut off. 


N 









Low Pressure Hydraulic System Controls Shovel 























HARNISCHFEGER SHOVELS, draz-lines, and 
other excavating equipment are now 
equipped with a low-pressure hydraulic 
control system which permits the opera- 
tor to “feel” the action of the individual 
movements giving him accurate control. 
With the exception of drive sprockets 
on the crawler and a few intricate parts, 
the entire machine is fabricated of weld- 
ed plate and structural steel. The shop 
has a press capable of forming 3 in. plate. 


j 
} 
| 
d 
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Alloy steels are used throughout. Low 
manganese steels are specified for abra- 
sion resistance while higher manganese 
steels such as Manten are used for their 
strength plus low carbon content for 
weldability. Swing gear is welded and 
flame hardened. Flame hardening is 
used where the wear factor requires 
more than deep heat-treatment will pro- 
vide. Usually 500 to 600 Brinell is de- 
sired. In some cases, gears are heat- 
treated for toughness and strength, and 
then are flame hardened for the neces- 
sary hard surface for wear resistance. 









Plate welded in 


Single formed J 
sheet a 









Formed plate 


Structural channel 







Hard surfaced 
for wear resistance 


Steel tubing. For shovels of less than 
1 cu.yd. capacity the boom is made 
entirely of welded tubing; on the larger 
shovels the booms are welded of struc- 
tural angle corner-members and tubing 
for the strut members. Boom combines 
strength with lightness in weight, re- 
quires less balancing weight at base. 
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De EEE Storage tank for Cover ee 
hydraulic flu i remove 


Flexible hose 
Brake actuating g connections 
Sa a q fo brake and 


Welded 


VERLE 


Hoist 


fa tease a 


Dipper trip switch E Crowd and 


wy 


Starter switch 


Hydraulie control is in effect a low independent line for each motion. An ac- No stuffing boxes are used. A return 
pressure system with the operator acting cumulator set above the highest cylinder spring in the working cylinders is just 
as the prime mover as in heavy automo- in the system keeps the lines full of oil strong enough to return the cylinder. Syn- 


tive truck braking hook-ups. There is an at all times and no air can accumulate. thetic rubber boots protect piston rods. 


Hydraulic 
actuating \ 
cylinder Brake 
‘adjustment 
/ 


— Clutch actuating cylinders m 


Fall-floating brake has only one dead contour of braking surface. There is lar expanded by a sloping wedge cam 
end hitch. Method of applying brake- only one nut for wear take-up adjust- moved by cylinders connected to control 
power makes shoe adapt itself to the ment. Clutches are engaged by a col- panel by flexible metallic hose. 
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Finisher Lays, Tamps and Levels Bituminous Materials 



























Tamper is double V-belt driven. Tam- 
per connecting rods are on an eccentric 
which give tamper 1 in. reciprocating 
motion at shaft speed of 1,200 r.p.m. 
Tamper and screed are hinged at center 
to allow for crowning the road, hence 
V-belt drive is used as it has been found 
that minor misalignments do not appre- 
ciably affect drive efficiency. Tamper, 
shown below, left, is made of S. A. E. 
52100 hardened steel. Mechanism is 
supported on two welded box beams 
which are lifted into traveling position 
by hydraulic jacks supplied with pres- 
sure oil from a manually operated Black- 
hawk pump unit. Screed, below right 
which acts as an ironer, is made of 
Manten steel. Sprocket for Diamond 
chain drive is case-hardened mild steel. 
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Le Roi engine 


4speed transmission 


Twin-Disc clutch 


Screed height 


FITTED WITH DUAL CONTROLS for opera- 
tion from either side, and driven by a 
33 hp. LeRoi 4-cylinder gasoline engine 
through a 10 in. Twin-Disc clutch and 
4-speed transmission, this Barber-Greene 
paving machine lays, tamps and levels 
bituminous materials to any desired 
thickness and to any desired crown with- 
out forms. 

To allow for minor misalignments 
which occur in built-up constructions of 
this type, Barber-Greene-designed ball- 
and-socket bearings are used for shafts 
subject to misalignment of two or three 
degrees. For bearing pressures below 
500 lb. per sq. in., these bearings are 
babbitted; for pressures above 500 lb. 
per sq. in., they are bronze lined. 


Blackhawk manual hydraulic pump 








i Conway clutch for tamper drive 
/; V-belt drive to tamper 


Screed height 


E. ] 





Blackhawk hydraulic 
lift cylinder 


adjustment Se” 


Locking latch 
for screed height 


adjustment 
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4--27T. Sprocket L— 6" Guide flange rollers 


Tension in erawler js maintained by 


z” p 2 

a roller held against l'nks by a compres- g xg x44" Brass cross~n N 2 = ~~ 2" 3 way— Sport cock 
sion spring. This prevents breaking of ” = 

a "TR $" Brass pet cock-—,\ 
treads if dirt or foreign materials jam \ 
between sprockets and crawler links. £ el 
Take-up bolts are located at front of € Discharge hose — 
crawler frame. Drive chains are taken nozzle 


up by shims placed beneath drive shaft 
bearing. Crawlers are supported at 


Viking pump---“ 


/ -Crane male 
l/s 


front end by a box member pivoted at ž' Flex. metal hose L unas coat 
center to main frame. union 
` is D r / i 
Controlled hot air is used to warm Dayton pulley —/ 2" Flex. metal 
screed when handling tacky materials. ; hose 
Heating circuit, shown schematically, Dayton cog belt —--+ 
° 7 “ . 
consists of a blower and fuel pump V- ” A - w a Strainer 
belt driven from the front end of engine. 7 Butterfly valve — valve 
The screed itself acts as the lower wall - i i 
: i : : f ins -7 | Hauck oil burner 
of the heating chamber. Air and oil Hot point pins 
. \ 
are supplied to the burner through flex- Damper --~ \ ~ Combustion chamber 
ible tubing. Baffles in combustion and ; \ 
heating chambers permit even distribu- AS -- Comb. chamber 
tion of heat over full area of screed. HEATING EQUIPMENT housing 





Burner consumes standard fuel oils. 


Material spreading serews, of 
welded construction, are 0.40 to 0.50 
carbon steel with a Stellite edge. Screw 
is roller-chain driven at 18% r.p.m. from 
main gearbox. Screws are mounted on 
two independent shafts, in line. Right 
hand and left hand thread screw con- 
struction moves the material from the 
center out to full width of machine. 
Worn spirals and paddles can be re- 
placed easily. 


A NEW, LONG-LIFE FRICTION LINING 
for brakes and clutches is now 
standard equipment on Allis-Chal- 
mers tractors and optional equip- 

eee a k : ment on LeTourneau scrapers. 
| i ns Consisting of a graphite-impreg- 
nated bronze material welded to a 
steel backing plate, this new lin- 
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—_— 
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ee ton V-belt drive . . . 
l van Ath Mio Aa pk A ing, while expensive, has been 
= E =) 2 a ial 

i i adopted because its long life 

Sprea ng SCrews Tr 


S EEREN Y ee p 3 n 
Individual brakes for each hai greatly reduces maintenance costs. 


f spreader and table bar feed — 
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Steel Channels Support Engine on Cast Iron Frame 





Thermostat 
_contro/ 





Upho/stered and 
spring- cushioned 
seat 










Pivot axle shaft on 
i” track frames 
are mounted 
through ball- 

nd-socket 


iN joint 


a 


te i 





passages in the crankshaft, connecting 


FIVE FORWARD SPEEDS are available in the 
new models TD-6, TD-9 International 
Tractractors. High and low reverse speed 
reduce time losses in backing. TD-14 has 
six forward speeds. All working parts 
are inclosed in dust-proof and water- 
tight housings. The tractor is powered 
by an International diesel equipped 


with an auxiliary combustion system by 
means of which the diesel is started and 
warmed up as a gasoline engine. A 
double oil pump and full pressure sys- 
tem assure positive lubrication of work- 
ing parts regardless of grade on which 
tractor may be operating. Oil under pres- 
sure is conveyed through rifle-drilled 


rods and engine block to bearing sur- 
faces. Cleaners are supplied for air, fuel 
and lubricating oil. Centrifugal water 
pump, thermostatically controlled cool- 
ing water circulation and direct cooling 
of valve seats are additional features 
of the diesels powering these tractors. 


Separate dry 
compartments for 
steering clutches, — 











Track 
drive 
sprocket 







Sealed and 
oi/-fillea 

compartments 
for transmission 








Heavy one-piece cast iron frame houses transmission, 
bevel gears, steering clutches and steering brakes. Two heavy 
rolled steel channels, doweled and bolted to the front of the 
main frame, support engine, thus engine is not subjected to 
frame stresses. Main frame casting has dry compartments for 
steering clutches and brakes. Clutches are accessible through 
cover plates; brakes are adjustable externally. 
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Butterfly Auxiliary 
valve combustion 
chamber 


To 
dashboard 


Carburetor 
Spark plug 


ae En 
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Starting of diesel as a gasoline engine is accomplished with 
an auxiliary chamber fitted with a spark plug and connected 
to each cylinder. Operation of dashboard lever opens valve 
to auxiliary combustion chamber, reducing compression, and 
at the same time closes the butterfly valve shunting air supply 


through the carburetor used for gasoline starting. After warm-up, 


lever is returned and engine is operated as a full diesel. 
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Five bearing crankshaft js _heat- 
treated with main and connecting rod 
bearing surfaces Tocco-hardened. Main 
and connecting rod bearings are replace- 
able. Aluminum-alloy pistons are fitted 


with four 
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Stee/ support arms 
prevent track tilting 
‘ oe 


gee elf 


Pivot 
shat: 





Track frame stabilizer maintains positive track alignment 
and relieves pivot shaft and track frames of torsional stresses. 
Frames are mounted on pivot shaft with ball and socket joints. 
Stabilizer rollers hold tracks in lengthwise alignment; steel 
arms mounted on pivot shaft maintain vertical alignment. 


February, 1940 


compression 
upper and lower oil ring. Full-floating, 
pressure-lubricated piston pins are car- 
burized, hardened, ground. Crankshaft is 
dynamically and statically balanced. 





rings and an 


Cylinder sleeves are individually cast 
of electric furnace iron, heat-treated to 
500 Brinell, and are honed and polished 
on inner surface. Matched sleeves and 
pistons are available for replacement. 


Scupper provides 
pressure lubri- 
cation to re- 
placeable 
bronze 








Five-seal 
protection 


All track rotating parts including sprockets, idlers, and 
upper and lower track rollers are equipped with multiple seals. 
Replaceable bronze bearings are lubricated by oil scupper. 






Integral keys 
in Haut shoe 


Slots in track links 


Keyed and bolted track shoes. Formed keys integral in 
the track shoes fit firmly into slots in the track links. Bolts 
hold shoes securely against links. Twisting and shearing action 
encountered in service is transmitted through the keys relieving 
stress on bolts and also preventing loosening of shoes. 
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Alloy Castings, Forgings. Anti-Friction Construction 


AntI-FricTtion bearings throughout, 
heat-treated and normalized alloy steel 
castings and extensive use of drop- 
forged parts are among the design fea- 
tures to be found in the new Bay City 
shovels. Moving parts are pressure- 
lubricated through countersunk fittings. 


Base eastings of nickel-manganese 
steel are normalized, then totally heat- 
treated by a liquid quench and draw. 
These heavy alloy-steel castings absorb 
shock and vibration and are ribbed and 
cross-braced to resist twisting and dis- 
tortion. Four large-diameter conical roll- 
ers, drop-forged, support revolving table. 
Splined propelling shaft operates inside 
centerpost cast integral with lower body. 
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Steering with machine in full motion is 
accomplished with booster clutch control 
of crawler brakes. Operator need only 
set small cone clutch; power required to 
operate brake is transmitted from re- 
volving shaft through booster clutch to 
brake arm. This eliminates stopping to 
shift jaw clutches and set hand brakes. 


Underside of unit-cast alloy-steel re- 
volving table on which all machinery is 
mounted, showing safety worm and worm 
wheel boom hoist, hardened alloy steel 
swing pinion splined to vertical shaft 
and bronze bushing for center pin. Side 
frames for machinery shafts are cast inte- 
gral. Engine is mounted on this casting. 
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Helieal-eut gears run in oi) and are splined to the S.A.E. Electric dipper trip. Solenoid sets booster clutch, engine 
4150 alloy shafts. Shafts and boom point sheaves are fitted power actuates trip rope drum. Pushbutton control for trip is 
with grease-sealed ball bearings and dirt seals. Boom foot lugs recessed in top of swing-lever grip. Nickel-chrome crowd rack 
cast integral with base are directly over conical rollers. is drop-forged. Buckets have detachable drop-forged teeth. 





Swing loek mounted on revolving 
table is operated by foot lever from 
inside cab. It engages large ring gear in 
base casting and positively locks table 
and cab in any position of the circle. 





Crawlers are supported on welded box 
frame. Large-diameter drop-forged roll- 
ers are inserted within the crawler frame 
and ride between special hardened dual 
lugs on crawler shoes. Drop-forged and 
heat-treated crawler shoes have drilled 
pin holes fitted with alloy steel pins. 
Crawler sprockets are hardened. 


Chain erowd. Continuous chain runs 
from the forward drum to shipper shaft. 
Automatic chain adjustment, spring 
loaded, maintains proper tension at any 
boom angle, eliminates adjustment of 
chain length. Chain is more efficient and 
less costly to maintain than cable. 
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Alloy Steels Reduce Weight, Increase Payload 





FORMED AND WELDED high-tensile alloy 
steel sheets make up the bowl and sup- 
porting framework of Gar Wood hydrau- 
lic scrapers. Three hydraulic cylinders, 
supplied with pressure oil from a cen- 
tralized hydraulic control unit attached 
to power take-off of tractor, control cut, 
rate of discharge, depth of spread and 
positive gate action. Replaceable bowl 
runners are manganese steel. 
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‘ews and Summaries 


Scientists Using New Atom Smasher 
Find Precise Voltage Standards 


Dr. E. U. Condon, noted Westinghouse nuclear physicist, reports new 


electrical yardstick and answers question “Why atom smashing?” 


\ CIENCE’S “BLITZKRIEG” bombard- 
J ment of the atom has resulted in the 
discovery of a new and more precise yard- 
stick for measuring high voltages, reveals 
nuclear physicist Dr. E. U. Condon, 
Associate Director of Westinghouse Re- 
search Laboratories. Using their new 
electrostatic generator as a cannon for 
shooting protons (hearts of hydrogen 
atoms) into the cores of three different 
elements, Dr. Condon, Dr. W. H. Wells 
and their colleagues have not only 
changed one metal into another but have 
produced new and more accurate meas- 
urements of the masses of atoms and high 
voltage standards by means of neutron 
emissions. 

When a lithium atom suffered a direct 
hit from a proton, it gave up one neu- 
tron and changed into a beryllium atom. 


a 





Pear-shaped 90-ton cannon recently completed at Westinghouse 
mobilizes 4,000,000 volts to shoot sub-atomic particles at metallic 
targets. Atom-smashing particles hurtle down its 40-ft. vacuum 
tube at speeds approaching 100,000,000 mi. per hr. 
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Similarly, carbon atoms changed to 
nitrogen atoms, and atoms of beryllium 
changed to boron atoms. 

All of these reactions occur at a very 
sharp and definable voltage, reportedly 
more abrupt than those for gamma rays 
which have been used in the past for 
voltage measurement. 


Why Atom Smashing? 


When asked by Propuct ENGINEER- 
ING, “Why atom smashing?”, Dr. Con- 
don replied: “We cannot ask the engi- 
neer to produce useful applications of 
phenomena that he has never heard of 

of phenomena as yet unknown to any 
man. For continued progress our civi- 
lization must support the work of men 
who will study the fundamental laws of 


energy and matter as clearly and thor- 
oughly as possible. After the knowl- 
edge is gained it is time enough to start 
thinking about how to use it. 

“Accordingly we need to follow up 
vigorously each new road to knowledge. 
A few years ago the first steps to de- 
velopment of a new science were taken 
—the new science was nuclear physics, 
popularly known as “atom smashing.” 
From this work we already know vastly 
more about matter than we knew ten 
years ago. We know two kinds of par- 
ticles, the positron and the neutron,— 
fundamental constituents of all mate- 
rials—the existence of which wasn’t sus- 
pected a decade ago. We now know how 
to make nearly all chemical substances 
behave like radium—instead of having 
only a few naturally occurring elements 
at our disposal which show this prop- 
erty. We now know a great deal about 
the forces which hold atoms together and 
many other things totally unknown ten 
years ago. All this new knowledge 
deepens our understanding of nature pro- 
foundly. 

“Today we are pushing forward on a 
new front unaware as yet of the exact 





Dr. W. E. Stephens and Dr. E. U. Condon use this cloud chamber 
for studying sub-atomic collisions caused by the atom smasher. 
When the air in the chamber is suddenly expanded, moisture 
condenses about charged particles, making them visible 
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uses to which this new knowledge will 
be put. But already there are interest- 
ing indications—neutrons may find spe- 
cial applications in place of X-rays for 
certain problems in cancer therapy—so 
may also some of the new artificial ra- 
dio-active substances. Also these new 
radio-active materials permit new ad- 
vances in chemistry, especially in the 
chemistry of our bodily processes, which 
in turn may aid the advance of medicine. 

“If we look back it is hard to find a 
principle in physics or chemistry the 
knowledge of which has not found a use- 
ful application. This being so we work 
confidently at the new frontiers turning 
up the new facts on which will be found- 
ed the technical progress of the future.” 


Light-Weight Diesels 
Perfected for Aircraft 


HE DIESEL ENGINE is “a logical 
power plant for aviation,” asserted 

Paul H. Wilkinson before the Society 
of Automotive Engineers at the annual 
meeting held in Detroit, January 15-19. 
Modern light-weight, high-speed diesel 
performance is fast approaching that of 
comparable gasoline airplane engines, a 
fact which has led to increasing accept- 
ance of the diesel in European aircraft. 

Tabulating the characteristics of gaso- 
line and diesel aircraft engines for com- 
parison, Mr. Wilkinson showed that in 
all power classes not only can parity be 
attained, but in many instances the 
specific fuel consumption of the diesel 
is much lower. 

Mr. Wilkinson, in his observations 
abroad and at home, has found that die- 
sel-engined airplanes have started easily, 
run smoothly, accelerated quickly and 
did not vibrate or smoke under normal 
conditions. Additional advantages of 
diesel over gasoline engines are reduced 
fire hazard and large payload and flight 
range possibilities. As an instance of 
the fuel economy of the diesel, Mr. Wil- 
kinson cited the Junkers 86K bomber, 
powered with Jumo 205 diesel engines. 
This bomber, when compared with a 
gasoline-powered plane of the same class, 
saves 100 lb. of fuel per hour. 

A great deal of attention is being 
paid to details of diesel engine design 
in this country, as evidenced by a num- 
ber of other papers presented. 


Research Simplifies 
Design of Diaphragms 


ORRUGATED metallic diaphragms 
A have always been selected by trial 
and rejection, but research recently con- 
ducted by the Bureau of Standards might 
lead to precise design methods. The 
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Newly developed method for bonding soft or synthetic rubber to metal was used 


in applying a l-in. rubber coat to this steel pickling roll. In the Hewitt Dura-Bond 
process, chemically modified rubber is vulcanized to metal, with adhesion strength of 
500 to 700 Ib. per sq. in. Brass plating and hard rubber base are eliminated. 





data prepared by the Bureau takes a 
step in the right direction by compar- 
ing certain types of diaphragms and 
presenting formulas helpful in the de- 
sign of similar types. 

Diaphragms, singly or in pairs as cap- 
sules, find a wide use in pressure meas- 
uring instruments. In practice, certain 
limitations confront the designer who 
wishes to make use of diaphragms. For 
one thing, there are no rational design 
formulas by which the behavior or per- 
formance of corrugated diaphragms can 
be predicted. Even for the limiting 
case of flat disks, convenient charts, ta- 


Meetings 


AMERICAN ‘Society oF Toot ENGI- 
NEERS—Annual meeting, New York, 
N. Y., March 7-9. Ford R. Lamb, secre- 
tary, 2567 W. Grand Blvd., Detroit, 
Mich. 


Society OF AUTOMOTIVE ENGINEERS— 
National aeronautic meeting, Washing- 
ton Hotel, Washington, D.C., March 
14-15. John A. C. Warner, secretary, 29 
W. 39th St., New York, N. Y. 

AMERICAN FOUNDRYMEN’S AsSSOCIA- 
tTion—Annual meeting, Palmer House, 
Chicago, Ill., May 3-10. C. E. Hoyt, vice 
president, 222 W. Adams St., Chicago. 


bles, or other aids to design are not yet 
available. Corrugated disks make pos- 
sible larger deflections, and afford a 
control of the pressure-deflection curve. 
To obtain data with which more pre- 
cise design might be achieved, a large 
number of corrugated diaphragms hav- 
ing geometrically similar outlines were 
formed by hydraulic pressing. The dia- 
phragms were made of beryilium-copper, 
phosphor-bronze, and Z-nickel in various 
diameters and thicknesses. The relations 
between measured pressures and deflec- 
tions of the diaphragms were correlated 
by dimensional analysis to obtain for- 
mulas and charts applicable to the de- 
sign of similar diaphragms. These data 
were compared with those available on 
flat diaphragms, and on diaphragms with 
different types of corrugation. 


V-Belt Industry 


Revises Power Ratings 
eaa RATINGS of multiple V-belt 


drives have been revised to provide 
more uniform belt life. Seeking the long- 
est life with the lowest initial cost, engi- 
neers of many V-belt manufacturers 
working in cooperation have standardized 
sheave diameters and correction factors 
according to formulas based on results 
obtained with multiple drives over a 
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period of ten years. Overload factors also 
are being arranged to allow for the type 
of prime mover and driven machine. The 
new ratings provide in many cases a more 
compact drive. 


Lincoln Foundation 
Launches Program 


\ ‘7 ITH the announcement of their 24%- 
Y year Industrial Progress Award 
Program, 458 awards ranging from the 
Grand Award of $13,700 down to 223 
Honorable Mention Awards of $100 each 
are established by the James F. Lincoln 
Are Welding Foundation for studies 
bringing out benefits of a social, scien- 
tific, economic, or commercial nature 
which can be attributed to the applica- 


tion of the electric are process of welding 
during the coming two and one-half years. 

Any type of progress which creates 
benefits of a social, commercial, econo: 
mic or industrial nature may be brought 
out in a study. The contest is not simply 
one to stimulate studies in arc welding, 
but is being conducted to encourage the 
type of study which is always produc- 
tive of great benefits. 

Innumerable subjects are suitable for 
consideration. The twelve classifications 
and 46 divisions of participation cover 
every conceivable machine, building, 
structure, or product made of ferrous or 
non-ferrous metal. The program is open 
to everyone who plays any part in actu- 
ally bringing about progress in the 
executive, design, manufacture, construc- 
tion, or maintenance phase of industrial 
product or structure development. 


Do You Know That— 


A CURRENT-DETECTING DEVICE has been 
created which detects currents as low as 
1x10™ amp.—a current equal to a single 
electron passing through a wire every 
five minutes. (4) 


PORCELAIN ENAMEL protective coatings 
have recently been applied, inside and 
out, to welded steel hot water tanks. 
Corrugated steel roofing, enameled on 
both sides, is also new. (5) 


CORROSION PITTING of polished sheet 
aluminum has been traced to the steel 
wool used in polishing. Electrolytic 
action between minute particles of iron 
and iron chloride was attacking the 
aluminum. Solution was to use stainless 
steel sponges. (6) 





Case Histories In Patent Law 


(Epiror’s Note: We wish to empha- 
size that in consenting to furnish this 
column wherein general explanations of 
the law in specific patent cases are set 
forth, Col. H. A. Toulmin, Jr., wants it 
clearly understood “that each actual case 
should be submitted to your own patent 
attorney who is the only one familiar 
enough to advise you accurately.” The 
purpose of these explanations is to give 
a better general understanding of ques- 
tions of patent law.) 


No. 14 
QUESTION: Can prices and uses of 


patented articles be controlled? 


ANSWER: The Supreme Court of the 
United States held some years ago that 
a manufacturer, or owner of a patent, 
could, under the protection of a patent, 
control the price at which the licensee 
under the patent sold ‘the patented 
article. It has also been held that the 
licensee can be controlled as to the uses 
to which he puts the article, and if he 
sells such an article to any others who 
use the patented apparatus for a pur- 
pose other than that for which it was 
licensed, that such other persons will be- 
come infringers. These two companion 
rules are illustrated in two Supreme 
Court cases. 

In United States v. General Electric, 
272 U. S. 476, the Supreme Court of the 
United States said: 

“... the patentee may grant a license 
to make, use and vend articles under the 
specifications of his patent for any roy- 
alty or upon any condition the perform- 
ance of which is reasonably within the 
reward which the patentee by the grant 
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of the patent is entitled to secure.” 
“.. . If the patentee . . . licenses the 
selling of the articles, may he limit the 
selling by limiting the method of sale 
and the price? We think he may do so, 
provided the conditions of sale are nor- 
mally and reasonably adapted to secure 
pecuniary reward for the _patentee’s 
monopoly. One of the valuable elements 
of the exclusive right of a patentee is to 
acquire profit by the price at which the 
article is sold. The higher the price, the 
greater the profit, unless it is prohibitory. 
When the patentee licenses another to 
make and vend, and retains the right to 
continue to make and vend on his own 
account, the price at which his licensee 
will sell will necessarily affect the price 
at which he can sell his own patented 
goods. It would seem entirely reason- 
able that he should say to the licensee, 
“Yes, you may make and sell articles 
under my patent, but not so as to destroy 
the profit that I wish to obtain by 
making them and selling them myself.’ ” 
(P. 490) 

The Court further said that “. . . price 
fixing is usually the essence of that which 
secures proper reward to the patentee.” 
(P. 493) 

General Talking Pictures Corporation 
v. Western Electric Co., 305 U. S. 124, 
involved amplifiers which were useful in 
the commercial field and in the private or 
home field. Western Electric was granted 
an exclusive license in the commercial 
field. The American Transformer Co. 
was one of 50 non-exclusive licensees 
who were restricted to manufacturing 
and selling these amplifiers for use in 
the private and home field only. The 
Court said: 

“Transformer Company, knowing that 


it had not been licensed to manufacture 
or to sell amplifiers for use in theatres 
as part of talking picture equipment, 
made for that commercial use the ampli- 
fiers in controversy and sold them to Pic- 
tures Corporation for that commercial 
use. Pictures Corporation ordered the 
amplifiers and purchased them knowing 
that Transformer Company had not 
been licensed to make or sell them for 
such use in theatres. Any use beyond 
the valid terms of a license is, of course 
an infringement of a patent. ... If 
where a patented invention is applicable 
to different uses, the owner of the patent 
may legally restrict a licensee to a partic- 
ular field and exclude him from others, 
Transformer Company was guilty of an 
infringement when it made the amplifiers 
for, and sold them to, Pictures Corpora- 
tion. And as Pictures Corporation or- 
dered, purchased and leased them know- 
ing the facts, it also was an infringer.” 
(P. 126) 

“The question of law requiring deci- 
sion is whether the restriction in the 
license is to be given effect. That a re- 
strictive license is legal seems clear. . . . 
The practice of granting licenses for a 
restricted use is an old one. . . . So far as 
appears, its legality has never been 
questioned.” (P. 127) 

“As the restriction was legal and the 
amplifiers were made and sold outside 
the scope of the license the effect is pre- 
cisely the same as if no license whatso- 
ever had been granted to Transformer 
Company. And as Pictures Corporation 
knew the facts, it is in no better position 
than if it had manufactured the ampli- 
fiers itself without a license. It is liable 
because it has used the invention with- 
out license to do so.” (P. 127) 
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Simplified Formula for Cam Rise and Fall 
H. A. BOWER 


In calculations to determine the rise 
or fall of a follower for a given angle 
of rotation of a cylindrical eccentric cam, 
the amount of eccentricity is usually 
multiplied by the versed sine of the 
angle. Expressing this as a formula, 


C = R versin 6 (1) 


This states that the rise or fall of the 
follower is equal to the vertical displace- 
ment of the cam center as it revolves 
about the fixed drive center, through the 
angle 6. Except where a fine degree of 
accuracy is desired, this is true. 

A simple test, whereby it may be de- 
termined whether the results of this sim- 
pler formula come within the limits of 
desired accuracy is to equate: 


E = R’/2A 


This value of E is the maximum 
amount by which the basic equation errs, 
and occurs only when the angle 6 = 90 
deg. If this value of E is found to be so 
small as to be within the desired limits, 
the equation C = R versin 6 may be used 
for either cam rise or cam fall. 

However, if the error is greater than 
the limits of accuracy, it must be mathe- 
matically computed and included in the 
formulas for cam rise and fall. As either 
diagram shows, when the cam is rotated 
away from the high or low point, its 
center is no longer on the line between 
the centers of the drive and of the fol- 
lower. The point of contact of cam and 
follower, remaining on the line contact- 
ing their centers, is displaced from the 
vertical with the result that there is a 
slight gap between the cam and follower 
on the vertical center line. Because of 
this gap, the value of C differs from R X 
versin @ by some value of error, E. In the 
diagram the proportions are exaggerated 
so that the gap can be seen. From Fig. 1. 

C + A = R versin 6 + (A—E) 
or, C = R versin 0 — E 

Since @ is measured from the low point 
of the cam, the expression is the skeleton 
formula for cam rise. In Fig. 2, the 
angle is measured from the high point 
of the cam, and we find 

C = R versin 0 + E 
the skeleton formula for cam fall. 


It can be shown that these formulas 
apply to any angle of cam rotation up to 


90 


180 deg. from the high or low point 
when the proper value of the versed 
sine is used. 

The angle @ on the diagram shows the 
displacement of the contact point from 
the vertical. It will be shown that the 
value of this angle need not be deter- 
mined except in the development of the 
formulas. Using either figure, 

cos 9 = (A—E)/A 
E = A-—A cos § = A (l—cos ø) 


E = A versin ø 
6 R sin 0 
sin = -— 
A 
therefore 
i -s al Rome 
E = A versin sin (25) 
A 
Substituting for E in- the skeleton 
formulas, 
Cam rise = R versin 0 — 


-o a oe 8 
A versin sin (E (2) 


Cam fall = R versin 0 + 


n na e aE 
A versin sin ( p. (3) 


Another pair sometimes used: 


Cam rise = R versin 0 -— A + 





Va? — R? sin? 0 (4) 
Cam fall = R versin 0 + A — 
VA? — R?* sin? 6 (5) 


Since trigonometry tables are used in 


‚C= Cam rise 





any event, Equations (2) and (3) are 
to be preferred, as far less work is re- 
quired for the same degree of accuracy. 
From differential calculus 


(versin )’ = 3 sin’ } 


for angles from 0 to 90 deg. When the 
value of œ is very small, as is usually the 
case in eccentric cam work, it is found 
that the versed sine of œ is equal to half 
the square of the sine of , and one may 
be substituted for the other in an equa- 
tion. Thus for A versin sin™ (R sin 6/A), 
(R sin 0/A) 2 sin? 0 


substitute A 5 or OA 





Equations (2) and (3) become: 


R? sin? 0 





Cam rise = R versin 0 — = (6) 
i R? sin? 0 
Cam fall = R versin 0 + ; (7) 


Should R have a value as high as one- 
tenth that of A, the short-cut Equation 
(1) introduces an error the maximum 
value of which is 0.0000126 R, and if 
the ratio of R to A is such that œ does 
not exceed 3 deg., the error cannot exceed 
one millionth of R. 


V. D. I. Publication Gives 
Steam Jet Design Data 


To the Editor: 

Data on the design of steam jet ejec- 
tors, requested by Mr. A. Cunningham 
on page 36 of the January number, does 
exist in a German publication. 

The V. D. I. publication Vorshung- 
sheft 395 gives a beautiful derivation of 


,C=Cam fall 
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all the equations necessary for design 
of injectors, eductors and ejectors for 
fluids and gases, homogeneous or heter- 
ogeneous. I have been able to use the 
material several times myself, and rec- 
ommend it to Mr. Cunningham. 
—J. R. HARKNESS 
Denver, Colo. 


Variable-Speed 
Hydraulic Coupling 


To the Editor: 


On page 33 of your January number, 
in the article “Motor Drives for Verti- 
cal Shafts—II,” by H. D. Seymour, there 
is shown (Fig. 8) an application of a 
variable-speed hydraulic coupling. We 
are interested in this coupling, and would 
greatly appreciate your sending us fur- 
ther information concerning it. 

—W. C. JEROME 


Worcester, Mass. 


[Editors Note—That same variable- 
speed hydraulic coupling is described, 
with a sectional view to show how it 
operates, in the January number, page 
10. Hydraulic Coupling Division, Amer- 
ican Blower Corporation, Detroit, can 
furnish further details. The drive shown 
by Mr. Seymour is one of the first ap- 
plications of this coupling. | 


Error in Formula 
For Cantilever Beam 


To the Editor: 


Equation 6 on page 18 of the January 
number, in my article “Cantilever 
Beams,” is in error. The equation is an 
expression for the deflection A and not 
for x. Therefore, the x on the left hand 
side of the equals sign should read A. 

I would like to take this opporunity 
to compliment Propuct ENGINEERING on 
the pleasing appearance and the man- 
ner in which the article was presented. 

—C. C. STREET 


Federal Products Corporation 


[Editor's Note—Don’t blame Mr. 
Street for this error. Since we own the 
pencil that should have (but didn’t) put 
a A in the blank space left by a type- 
writer which couldn’t type a A, we'll 
have to take the blame.] 


Well, Well! 


To the Editor: 


Mr. H. E. Smith’s January “Brain 
Tester” about the pebble falling into 
the well drilled through the center of 
the earth to China suggests some in- 
triguing situations. I admit I don’t know 
much about celestial mechanics, but I’m 
sticking my neck out anyway. 

It is quite obvious that the pebble 
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would strike the east wall of the well. 
This can be explained by the fact that 
when the pebble is released, it is a 
freely moving body with an initial tan- 
gential velocity equal to that of the 
surface of the earth at the opening of 
the well. As the pebble falls toward 
the center of the earth, the walls around 
it naturally move at slower and slower 
tangential speeds, so the pebble will 
catch up to the east wall before it has 
fallen far. 

But, let us take the supposition that 
the earth is a hollow shell, with its 
mass concentrated at its center. Then 
what would be the path of the pebble? 
As nearly as I can figure out, the path 
would be a spiral, winding up in a cir- 
cular path of such a radius that the 
centrifugal force is equal to the force 
of gravity. This doesn’t seem logical 
until it is considered that the pebble, 
in falling, attains a very high velocity. 

With the picture of this path in mind, 
wouldn’t it be possible to have a well 
of such a diameter that the pebble would 
not strike its wall? 

A factor which must be considered 
is that the force of gravity diminishes 
in a straight line ratio, according to 
Bowser, as the pebble approaches the 


earth’s center. One peculiar effect of 
this, not related to our problem, occurs 
if we assume that the earth is not ro- 
tating. Then it would take a pebble 
about 21 min. to reach the center, and 
it doesn’t make any difference from what 
point, at or beneath the surface of the 
earth, the pebble is released. 

Here is another tricky possibility. Let 
us suppose, with the spiral path again 
in mind and assuming that the gravity 
force is concentrated at the earth’s cen- 
ter, that the pebble is a very large 
boulder. As the boulder approaches the 
radius where planetary motion occurs, 
the force of gravity acting on the inner 
half of the boulder exceeds the centri- 
fugal force acting on that half, and vice 
versa for the outer half. Therefore, al- 
though the sum of these forces is zero, 
there is a force tending to pull the 
boulder apart. If the boulder is large 
enough, the stresses set up by this force 
would cause the boulder to explode. 

These are logical conclusions, at least 
to me. I have no doubt that the funda- 
mentals and formulas of these cases 
have all been worked out and are well 
known to the savants. Some day I'll 
look them up. — WILLIAM FERRY 

New Haven, Conn. 





Can You Work This One? 


H. E. SMITH 


This month’s problem— 


A Matter of Course 


A British gunboat, traveling at 25 mi. 
per hr., was pursuing an enemy mer- 
chant vessel which traveled at 15 mi. per 
hr. The gunboat, steadily overtaking the 
freighter, was exactly 5 mi. away from it 
when a heavy fog descended. Immediately 
the merchantman, taking advantage of 
the fog, changed his direction. His course 
from that point on’ was a straight line. 

The captain of the gunboat did not 
wish to give up the chase. He knew the 
speed of each of the two boats, and their 
distance apart, and he was quite sure 
that the other boat would go off in a 
straight line at some unknown angle. 
From these facts, he was able to sit down 
and plot a course to follow by which 
he could be certain of intercepting the 
freighter. 

What was the course he plotted? 


Solution to January problem— 


Brain Testers 


1. If a straight well could be bored 
through the center of the earth to China 
and a pebble dropped from the exact 


center of the well at the surface of the 
earth, the pebble would strike the east 
wall of the well. This is because as the 
pebble moves toward the center of the 
earth, its tangential velocity remains 
constant while the tangential velocity 
in the eastward direction at different 
cross-sections of the tube diminishes to 
zero at the center of the earth. 

2. Where a bottle and a cork cost 
$1.05, the bottle costing $1.00 more than 
the cork, the cork must have cost 214 
cents. 

3. The number 105,263,157,894,736,- 
842 can be exactly doubled by moving 
the digit 2 from the right-hand end to 
the left-hand end of the number. This 
number can easily be arrived at by start- 
ing at the last digit, 2, multiplying it by 
2 to give the next digit 4; multiplying 4 
by 2 to give 8; multiplying 8 by 2 to give 
the digit 6 with one to carry, and so 
forth until the ultimate digit 1 is pro- 
duced. 

4. If 3,001 digits are required to num- 
ber the pages of a book, the first 999 
pages require 9 + 180 + 2,700 = 2,889 
digits. 112 additional digits are em- 
ployed, which suffice to number 28 more 
pages. The book has 1,027 pages. 

5. The fish that weighed 10 lb. plus 
half his weight weighed 20 lb., of course! 
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Automatic Lubricator 


Mykrofeed automatic lubricator util- 
izes controlled gravity flow in supplying 
oil to machine bearings and other points 
of lubrication. When the machine is 
started, a solenoid opens a ball-valve in 
the transparent plastic reservoir, releas- 
ing oil into a constant-level chamber. 
The reservoir can also be opened by 
hand. Feed rates to individual outlets 
are controlled by capillary action of 
wicks which lie in an oil trough fed 
from the constant-level chamber. When 
the reservoir is closed by shutting off the 
current to the machine, an automatic- 





ally decreasing supply of oil is furnished 
by the wick units to the bearings for 
some time, eliminating the danger of 
dry bearings upon restarting the ma- 


chine. Provision is made for flood-feed 
of bearings after a long shut-down. 
Major parts are of aluminum. Trans- 
parent plastic cover and sight feed 
fronts provide visibility of operation. 
Multiple distributor feed units are avail- 
able for attachment to the Mykrofeed. 
Bromley & Son, 232 Chestnut St., 
Kearny, N. J. 


Motoram 


Designed for application on doors, 
clutches, valves, variable speed drives, 
or any other applications requiring a 
straight line power stroke in either or 
both directions, this new mechanism is 
operated by an electric motor. Self-con- 
tained electrical and mechanical limit 


92 


erials and Parts 





switches stop the movements of the shaft 
at any predetermined point of travel in 
either direction and sustain a load on the 
shaft after the motor is stopped. The 
movable thrust shaft has a minimum 
travel of 4% in. and a maximum of 72 
in. or more. Movement may be auto- 
matically stopped or reversed under any 
one of the following conditions: predeter- 
mined thrust in both directions and of 
different capacities; thrust in one direc- 
tion and definite distance of travel in 
the opposite direction; definite movement 
in either direction set to stop within 
0.005 in.; accidental overload under any 
conditions of stopping. Power is im- 
parted to the shaft in both directions, 
eliminating return spring. By the use of 
any standard time clock, the Motoram 
may be operated through time intervals. 
Four sizes of units are available with ca- 
pacities of 100 lb. to 3.000 lb. thrust at 
any speed of travel. Electromarine Corp., 
Westport, Conn. 


Photoelectric Relay 


Compact photoelectric relay, desig- 
nated as Type RQ Photo-Troller, can be 


used for counting, sorting, weighing, 


measuring, signalling, and similar func- 
tiors. The device is especially designed 





for low operating expense, low initial 
cost, and ease of installation. It has two 
normally open and two normally closed 
contacts, each rated at 10 amp, on 115- 
volt a.c. circuits. Operates on a change 
of 40 foot-candles, if not more than 15 
foot-candles of extraneous light is pres- 
ent. Increased sensitivity is obtainable by 
means of a condensing lens. The unit 
may be wall- or bench-mounted with open 
wiring, or with concealed or exposed 
conduit. It has a gray die-cast chassis 
with a black molded cover which is re- 
movable without tools. Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa. 


Hydraulically Operated 
Lubricators 


New types of automatic lubricators are 
driven directly from the hydraulic circuit 
of hydraulically operated machines, 
eliminating mechanical drives from ma- 
chine shafts or moving units. The lubri- 
cator cylinder is driven by an hydraulic 





cylinder connected to the hydraulic cir- 
cuit, the two pistons being connected by 
a common piston rod which is ball-jointed 
to each to insure a free working assem- 
bly. During the high pressure period. 
the hydraulic cylinder drives the lubri- 
cator pump in one direction, discharging 
the oil to the bearing distribution system. 
During the low-pressure period, the 
assembly is returned by a spring. A 
simple screw adjustment permits setting 
the working stroke to any length required 
to meet the lubrication needs of a particu- 
lar machine. The pump gives positive 
control through metered feed. Two types 
of lubricator pumps are available: Type 
C for mounting on a standard oil reser- 
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voir; and Type G for mounting on a 
reservoir cast integral with the machine. 
Bijur Lubricating Corp., Long Island 
City, N. Y. 


Instruments for Measuring 
Thicknesses of Coatings 


New Magne-Gage, an instrument for 
measuring local thickness of coatings on 
metals by the rapid, non-destructive mag- 
netic method, has been improved to 
greatly increase the utility of the instru- 
ment. It is now possible to measure vari- 
ous types and thicknesses of coatings with 





only one instrument by interchanging 
different types of magnets. The instru- 
ment will measure nickel coatings on 
non-magnetic base metals, non-magnetic 
metallic or organic coatings on magnetic 
base metals, and nickel coatings on iron 
or steel. Bulletin PE-2070 available. 
American Instrument Co., 8010 Georgia 
Ave., Silver Spring, Md. 


Multiple Belt 
Variable Speed Drive 


Speed changes on this new motor unit 
are effected by turning the handwheel 
which shifts the motor on the base. This 
moves the yoke which actuates the multi- 
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ple pulley. Motors feature new lubrica- 
tion system. A hollow section of the shaft 
is constructed through the pulieys and 
grease is ejected through orifices from 
the hollow section to the sliding surfaces. 
Adjustment of the belt may be made 
without shifting the entire base by turn- 
ing a set screw which turns the eccentric 
bushing located at the pivot point of 
the shifting yoke arm. U. S. Electrical 
Motors, Inc., 200 E. Slauson Ave., Los 
Angeles, Calif. 


Solenoid Valves 


Constituting an improvement over the 
Type D valves formerly available, this 
new valve will operate on 250 lb. per sq. 
in. instead of 150 lb. per sq.in., has a 
new solenoid with glass insulation which 
will withstand higher temperatures, and 
has a new modernistic coil shield which 
helps to dissipate heat. These valves are 
designed to handle freon, methyl chlo- 
ride, sulphur dioxide, brine, air, oil, 





water, steam, and ammonia. Available 
in horizontal or angle, screwed ends, in 
sizes from 1% in. to 3 in. Horizontal or 
angle, flanged ends, may be had in sizes 
from 34 in. to 3 in. Hoppe Engineering 
Co., Indianapolis, Ind. 


Vernier Control for 
Variable Speed Transmission 


Designed for installations where ex- 
tremely fine control of speed changes 
is required, this vernier control is avail- 
able for attachment to all sizes of the 
Link-Belt P.I.V. Gear variable speed 
transmission. The control can be sup- 
plied with either of two ratios, 714 to 1 
or 30 to 1, and is equipped with two 
hand wheels. One hand wheel is for 
direct control; the secondary vernier 
control wheel will turn either 30 or 714 





revolutions to one of the direct wheel, 
depending upon which ratio of worm- 
gear reduction is furnished. Link-Belt 
Co., 2045 W. Hunting Park Ave., Phila- 
delphia, Pa. 


Protective Wax 


Designed to protect the production 
finish on anodic treated aluminum dur- 
ing handling, shipping, and erection, this 
liquid material is applied with a brush 
er cloth. It is allowed to remain on the 
surface until after fabrication, at which 
time it can be rubbed down. It leaves a 
firm transparent wax surface which serves 
as protection against discoloration. Pro- 
duction Wax No. 2 is approved for use 
on all types of aluminum surfaces that 
have been given an anodic treatment. It 
is also suitable for use on bronze, chrome 
and other bright surfaces. Skybryte Co., 
3125 Perkins Ave., Cleveland, Ohio. 


Seamless Metal Hose 


Pronounced S-shaped corrugations 34 
in. deep and with relatively short pitch, 
are responsible for the unusual flexibility 
of this 4-in. seamless bronze tube which 
is shown bent to a radius of 10 in. The 
convolutions form a left-hand helical 
thread, assuring uniform distribution of 
stress and therefore long life of hose. 
Covered with bronze braid jacket, it will 








withstand a safe internal working pres- 
sure of 150 lb. per sq. in. Suitable for 
conveying steam, water, oil, gas, air, etc. 
Weight per foot is 6.5 lb. Pipe thread 
coupling or flanges are available in 
standard sizes. Seamlex Co., Inc., 5-17 


48th Ave., Long Island City, N. Y. 


Industrial Tire 


Combining the advantages of both 
the pneumatic and solid type of indus- 
trial tire, the new Silvertown Cushion 
Type tire is light, has high cushioning 
qualities, streamlined appearance and 
yet has the sturdy construction and load- 
carrying capacity of a solid tire. The 
new design eliminates the hazard of tire 
failure caused by punctures or leaky 
valves and requires no servicing such as 





Interchange- 
able on the same wheel with single-tube 
pneumatic tires of like sizes. Available 
at present in two sizes, 6 x 2.00 and 
8 x 2.50. The B. F. Goodrich Co., Akron, 
Ohio. 


inflation or tire repairs. 


Sound Absorption Felt 


New absorption felt, Style 1660, is 
light in weight, pliable, and easily han- 
dled, is fire-resistant, and will not gain 
appreciably in weight from moisture ab- 
sorption. Its sound absorption coefficients 
are 0.54 for frequencies in the range of 
512 cycles per sec., 0.77 for frequencies 
of 1,024 cycles per sec., and 0.84 for fre- 
quencies of 2,048 cycles per sec. Sound 
frequencies in the average building 
range around 512 cycles per sec. Aircraft 
frequencies range from 1,024 to 2,048 
cycles per sec. The felt is claimed to have 
2 low heat conductivity, and is non-corro- 
sive in contact with aluminum and its 
alloys. The Felters Co.. Inc.. 210 South 
St., Boston, Mass. 
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Safety Switch 


New Type D safety switch is equipped 
with the Dualbreak mechanism, effect- 
ively used in Type A and Type C safety 
switches. Two separate groups of neu- 
tral terminals include one grounded to 
the cabinet, located at the upper end of 





the box for service installations; and the 
other designed for insulated neutral 
application, located at the lower end of 
the switch block. Cabinet is compact, 
and can also be supplied in rain-tight, 
weatherproof inclosures of galvannealed 
steel, with baked aluminum finish. Colt’s 
Patent Fire Arms Mfg. Co., Hartford, 
Conn. 


Attachable Actuator 
For Micro Switches 


This actuator, an attachment to be 
used in conjunction with regular and 
Metal-Clad micro switches, is easy to 
attach, easy to adjust, and has a long 
life. The level arm of the actuator rides 
on an oilless bronze bearing which rests 
on the plunger of the switch. A case- 
hardened roller with an oilless bronze 
bearing is mounted on the end of the 
lever arm. The operating ratio is about 





8 to 1. Minor adjustments can be made 
by slightly bending the lever arm. Micro 
Switch Corp., Freeport, Ill. 


Koroseal Paint 


Designated as No. 495 Korolac, the 
name covering solutions of the plasticized 
poly-vinyl chloride, this new paint gives 
a semi-glossy black finish and is recom- 
mended wherever extremely corrosive 
conditions disqualify any other kind of 
paint or coating. When thoroughly dry. 
it will withstand all acids, alkalies and 
salts in the concentrations commonly met 
with in industry, at temperatures up to 
150 deg. F. It is not affected by chro- 
mium, nickel, cadmium, zinc, copper, 
brass, silver or tin plating solutions, nor 
are such solutions contaminated or fouled 
by the paint when it is thoroughly dried. 
The dried film is hard and resistant to 
abrasion, yet sufficiently elastic to con- 
form to contraction and expansion of the 
base metal. A Korolac primer for use 
with the new paint has also been intro- 
duced. Both the primer and the paint 
can be applied by brushing and spraying. 


B. F. Goodrich Co., Akron, Ohio. 


Dynamotors 


Precision built dynamotors, designed 
especial for aircraft, police, marine 
and amateur transmitters and receivers, 
are claimed to be extremely light in 
weight per watt output. Modern, com- 
pact design, and sturdy construction con- 
tribute to smooth, continuous perform- 





ance and long operating life. Starting 
current is low. Available in a wide range 
of sizes. Eicor, Inc., 515 S. Laflin St., 
Chicago, Ill. 


W heels 


Designed to overcome the disadvan- 
tages of steel rim wheels, new pneuma- 
tic and semi-pneumatic tired spoke 
wheels are for use on portable tools, 
sprayers, pushcarts and numerous sim- 
ilar items. Oval type spokes give 
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strength against side strain. Cast semi- 
steel hubs are assembled in the wheel 
with two pressed steel disks driven tight 
on the hub and riveted together. Both 
the pneumatic and semi-pneumatic tires 
have fabric base to prevent slipping 
and stretching. Geneva Metal Wheel 
Co., Geneva, Ohio. 


High-Current Tap Switch 


Small size, open-type, high-current 
Model 111, like the larger Ohmite tap 
switches, is a multi-point, load-break, 
non-shorting, single-pole rotary selector, 
particularly designed for a.c. circuits. 
It is all-ceramic in construction, com- 
pact, and well insulated. Silver-to-silver 
contacts are self-cleaning and require 
no maintenance. Positive cam-and-roller 
mechanism provides. desirable slow- 
break, quick-make action, minimizes 
sparking, and increase the contact life. 





is te at 


Ideal for such applications as switch- 
boards, oven controls, welders, X-ray 
equipment, motor control, pyrometer 
circuits, etc. Available with a maximum 
number of eleven taps. Shaft diameter 
1% in. Switches are rated 5 amp. at 120 
volts, and 3 amp. at 240 volts, in a.c. 
circuits. Ohmite Manufacturing Co., 
4835 Flourney St., Chicago, II. 
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Materials 


Beartncs—Johnson Bronze Co., New Cas- 
tle, Pa. Catalog L-2, 22 pages, 83x11 in. 
New size listing of Ledaloyl self-lubricatinz 
bearings, giving more than 850 stock sizes. 
Considerable technical and application data 
is included. 


CERAMICS—American Lava Corp., Chatta- 
nooga, Tenn. “Designing Die Pressed 
Steatite Ceramics,” 4 pages, 83x11 in. In- 
formation needed in the design of die 
pressed parts is given in this well prepared 
article. Particular emphasis is placed on 
the design of parts to effect greater die 
economies. 


MEEHANITE—Meehanite Research Insti- 
tute of America, Inc., 311 Ross St., Pitts- 
burgh, Pa. Bulletin 10, 12 pages, 84x11 
in. Five principal reasons why Meehan- 
ite is used extensively for pressure castings 
are described in this booklet, which in- 
cludes a table of pressure-temperature rat- 
ings made from tests on valves. 


Monet Metat—International Nickel Co., 
Inc., 67 Wall St., New York, N. Y. Bulle- 
tin T-9, 16 pages, 83xll in. The engineer- 
ing properties of “K” Monel are covered 
in this technical bulletin, which gives the 
characteristic of the metal under all con- 
ditions. 


SreeL—The Babcock & Wilcox Tube Co., 
Beaver Falls, Pa. Bulletin 12-A, 6 pages, 
83x1l in. Condensed technical data on 
high temperature steels, containing revised 
useful information and technical data on 
seamless alloy tubes and pipes for high 
pressure and high temperature services. 


Mechanical Parts 


Cone-Drives—Cone Worm Gear Div., 
Michigan Tool Co., Detroit, Mich.’ Bulle- 
tin, 26 pages, 84xll in. The design of 
Cone Drive worm gearing is covered, giving 
complete data on ratings, sizes, and ratios, 
and including engineering formulas for all 
factors of Cone Drive design. 


FLEXIBLE COUPLINGS 
Co., Inc., Ansonia, Conn. Catalog 443, 44 
pages, 83x11 in. Explains the function of 
a flexible coupling and describes, gives en- 
gineering data and illustrates the various 
types of Farrel flexible couplings. 


Farrel-Birmingham 


FLEXIBLE TusBinc—Chicago Metal Hose 
Corp., Maywood, Ill. Bulletin SS-16, 4 pages 
83xll in. Engineering data on Rex-Bel- 
lows stainless steel flexible tubing. Both 
divided and fully corrugated forms are 
shown, together with couplings and the new 
resistance welded pipe joints. 


RoLLER BEARINGS Schaeffer Bearing 
Corp., 35 E. Wacker Drive, Chicago, Il. 
Catalog 15, 86 pages, 83x11 in. Illustrates 


and describes complete line of Schaeffer 
roller bearings and includes recent designs. 
Of particular interest to engineers are 7 
pages of engineering data. 


Speep Repucers—The Adams Co., 111 E. 
6th St., Dubuque, lowa. Catalog 201, 12 
pages, 84x11 in. Describes and illustrates 
MultiSpeed reducers, including the new 
Type MD, recommended for converting ma- 
chines from belt to direct motor drive. 
Speed and horsepower ratings, and dimen- 
sions are given. 


VARIABLE TRANSMISSION—Link-Belt Co., 
307 N. Michigan Ave., Chicago, Ill. Book 
1574, 40 pages, 83x11 in. Covers vernier 
and other types of control for all sizes of the 
Link-Belt P.I.V. Gear variable speed trans- 
mission, for installations where fine control 
of speed changes is required. 


Electrical Parts 


Capacirors—Aerovox Corp., New Bed- 
ford, Mass. Bulletin, 16 pages, 84x11 in. 
In addition to a catalog listing of Aerovox 
industrial capacitors, this bulletin contains 
several pages of engineering information 
pertaining to the selection of an electrolytic 
motor starting capacitor. 


Motor Controt—General Electric Co., 
Schenectady, N. Y. Bulletin GEA-1724B, 
8 pages, 8x103 in. Describes and illustrates 
the new SCI relay for synchronous motor 
control. 


Finishes 


Low-Bake FinisH—Ault & Wiborg Corp., 
75 Varick St., New York, N. Y. Folder, 4 
pages, 83xll in. Describes Polymerin-100, 
the new speed-bake finish that makes pos- 
sible curing temperatures which are often 
as much as 100 deg. F. below those of the 
original Polymerin. 


HicH-Speep ENamets—Maas & Waldstein 
Co., 438 Riverside Ave., Newark, N. J. This 
technical data bulletin gives information 
on Codur enamels, including specifications 
for finishing Bakelite products, steel cab- 
inets and furniture. 


Fabrication Methods 


SoLpERING—Wayne Chemical Products 
Co., 9600 Copeland St., Detroit, Mich. Bulle- 
tin, 4 pages, 84x11 in. Describes advantages 
of Meltomatic paste solder, a new process 
which is faster and simpler. 


Wextpinc—General Electric Co., Schenec- 
tady, N. Y. Bulletin GEA-3313, 8 pages, 
8x103 in. Sets forth the features of the 
new weld recorder, which records the charac- 
ter of the electrical input for every weld 
and locks out the welder when the input 
varies more than the allowable limits. 
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Diesel Engines 
Theory and Design 


Howard E. DecLer—62 illustrations, 
270 pages. 5%x8% in. Brown cloth- 
board covers. Published by American 
Technical Society, Drexel Ave. at 58th 
St., Chicago, Ill. Price $2.50. 


Prepared primarily for the use of 
students, designers and draftsmen who 
have a knowledge of the principles of 
mechanics and an acquaintance with 
the forms of internal-combustion en- 
gines, this textbook is concerned chiefly 
with the application of theory and is 
supplemented with numerous examples. 

Approximately one half of the vol- 
ume is devoted to the thermodynamics 
of internal-combustion cycles, fuels, 
combustion, combustion chambers, test- 
ing and performance. This is followed 
by an exposition and analysis of the 
principles of engine design, and the de- 
sign of major engine parts. Only a 
small amount of descriptive matter cov- 
engine details, operation, and 
maintenance of diesel pre- 
sented by Mr. Degler. 


ering 
engines is 


Aircraft Design 


D. H. LATIMER NEEDHAM—Two vol- 
umes, 5°4x834 in. Volume I, 227 pages, 
144 illustrations; Volume II, 321 pages, 
160 illustrations. Published by Chemical 
Publishing Co., 148 Lafayette St., New 
York, N. Y. Price Volume l, $6; Vol- 
ume II, $6.50. 


Intended for use by engineering stu- 
dents, these books should also be of par- 
ticular interest to engineers engaged in 
design and research of airplane struc- 
tures. The first volume, Aerodynamics, 
is concerned mainly with principles of 
flight and stability stated in simple lan- 
guage and extensively illustrated by 
schematic drawings. After brief intro- 
ductory chapters devoted to symbols and 
general principles, applications of fun- 
damental formulas to specific problems 
of air lift, stability, control are covered 
in succeeding chapters. This volume 
also includes a complete chapter on 
parasite drag. 

The second volume, Aerostructures, 
deals mainly with the mathematical 
treatment of airplane design, starting 
with general layout of aircraft, condi- 
tions of loading, and following with a 
discussion of materials suitable for air- 
craft production. The remainder of the 
book goes into a comprehensive discus- 
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sion of the design of each detail of the 
structure in turn: wing, fuselage, tail 
unit, undercarriage and control systems. 
The book concludes with a chapter on 
metal construction and a chapter on ex- 
perimental testing. 

Based on the author’s twenty years’ 
experience in the design, construction 
and piloting of aircraft these books 
should be valuable additions to the 
library of any engineer interested in 
aeromechanics. 


Patent Fundamentals 


ADELBERT ScHAPP—176 pages, 53 x 83 
in. Maroon clothboard covers. Published 
by The Industrial Press, 148 Lafayette 
St., New York, N. Y. Price $2. 


This broad treatise on patents presents 
to the inventor and engineer a discussion 
of the best and most approved ways of 
defining and protecting an invention. 
Worded in non-technical language, it cov- 
ers patent fundamentals in logical order, 
commencing with a clear definition of 
what is and what is not a patentable in- 
vention, and setting forth the precautions 
every inventor should take from the date 
of the conception of his invention. 

To enable the engineer to better co- 
operate with his patent attorney, several 
chapters cover the essentials of prepar- 
ing applications, developing claims, and 
interference procedures. The inventor is 
also told how to protect himself in the 
assignment of patents and licensing 
agreements. In conclusion, the author dis- 
cusses trademarks and copyright protec- 
tion, as distinguished from patents. 

By illustrating his points with numer- 
ous practical examples and thorough dis- 
cussions of many important court deci- 
sions, Mr. Schapp has produced a text- 
book which is easy to read and which, by 
virtue of its cross-index, can readily be 
used as a reference. 


Number 


Tosias Dantzic—Third Edition. 12 
illustrations, 320 pages, 6x834 in. Brown 
clothboard covers. Published by Macmil- 
lan Co., 60 Fifth Ave., New York, N. Y. 
Price $3. 


Mr. Dantzig attempts in his book to 
restore the popularity of the cultural 
content present in the mathematical 
science. The book deals with mathemat- 
ics, but it deals with ideas back of the 
symbol or forms, and is one of the few 
discussions of the subject not cluttered 


up with involved equations and methods. 
Fundamental issues are presented with- 
out bringing in the whole intricate ap- 
paratus of the science. 

The third edition contains much his- 
torical matter not present in preceding 
editions. The changes are incorporated 
in 26 articles added to the text. Some 
of these deal with history, others with 
philosophical questions, still others am- 
plify technical points. 


Laminated Phenolic Products 


N.E.M.A. Standards 


Publication 30-57, 28 pages, 8 x 10% in. 
Published by National Electrical Manufac- 
turers Association, 155 East 44th St., New 
York, N. Y. Price 25 cents. 


A revision of publication No. 34-26 
issued in 1934, this booklet is a reference 
work of practical information concerning 
the manufacture, test and performance of 
laminated phenolic plates, tubing and rods 
used in the manufacture of electrical appa- 
ratus and supplies. It contains a general 
description of laminated phenolic manufac- 
ture; description of twelve grades of plates 
and nine grades of tubing; standard sizes 
and finishes of plates, rods and tubing; 
standard colors of plates; standard toler- 
ances; and physical and electrical proper- 
ties of the various grades. 


Recommended Practice for Machining and 
Punching Laminated Phenolic Plates 
Publication 39-58, 4 pages, 8 x 10% in. 

Published by National Electrical Manufac- 


turers Association, 155 East 44th St., New 


York, N. Y. Price 10 cents. 


This new publication includes information 


on sawing, drilling, tapping, threading, 
milling, turning, punching, shaving and 


shearing of the various grades of laminated 
phenolic plates. Of particular help is a 
table which lists the comparative punching 
properties. 


Short-Center Pivoted-Motor 
Leather Belt Drives 


64 pages, 84 x 11 in. Published by Amer- 
ican Leather Belting Association, 100 Cold 
St., New York, N. Y. 


Planned and modeled after standard 
V-belt data books, this book contains all the 
information needed for the selection of an 
automatic tension control short-center piv- 
oted-motor leather belt drive. Advantages of 
the flat leather belt drives are set forth, and 
results of experiments recently conducted 
on relative efficiencies of various types of 
belt drives are given. Engineering data in- 
clude A.L.B.A. basic horsepower tables, and 
many pages of tables arranged by horse- 
power requirements to facilitate the selec- 
tion of drives. 

Typical applications of leather-belt drives 
are illustrated in a 24-page section of the 
book, which groups the installations by 
types of industries, for selective reference. 
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A. C. Magnet Coils 


AGNET coils for use on a.c. cir- 
cuits present quite a different 
problem from those used in 

d.c. circuits. The difference is largely 
by reason of “inductance,” which sets 
up an electromotive force that opposes 
changes in the current. This electrical 
characteristic corresponds to the physical 
phenomenon of inertia or “flywheel 
effect.” Just as a flywheel opposes the 
mechanical forces trying to either acceler- 
ate or decelerate it, so does an electrical 
circuit possessing inductance oppose elec- 
tromotive forces (voltage) tending to 
increase or decrease the current. 

The presence of inductance in an elec- 
tric circuit prevents current from instan- 
taneously attaining the maximum value 
determined by voltage and resistance 
under Ohm’s law. The exact time for the 
current to reach this maximum is de- 
pendent upon the ratio between the in- 
ductance and resistance in the circuit. 
Expressed numerically, the inductance in 
henries divided by the resistance in ohms 
is equal to the time in seconds required 
for the current to build up to 63.2 per 
cent of the maximum value. This period 
is the “inductive-time constant.” 
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Westinghouse Electric & Manufacturing Company 


It is interesting and significant to note 
that the time-current relation in an in- 
ductive circuit is directly comparable to 
the time-temperature relation in a coil 
either heating or cooling. It has been 
demonstrated that there is a definite 
time period in which a heating coil 
will reach half the ultimate temperature 
rise and that in each successive period 
it will rise half the remaining balance. 
The current increases or decreases in 
exactly the same fashion, for in the first 
period of time it reaches half the ulti- 
mate change in value whether increas- 
ing or decreasing. In subsequent equal 
periods of time, the change is one-half 
of the remaining possible change. The 
length of this uniform period of time 
multiplied by 1.442 is known as the “in- 
ductive-time constant” and is the time 
required for the current to rise or fall 
63.2 per cent. Curve Fig. 1 shows these 
conditions clearly and the relation be- 
tween “initial time rate” and “inductive- 
time constant.” Expressed as formulas, 
this takes the following forms: 


s= bp/R 
S=4 xXx L/R 
P = 0.693 s 


0.693 s 


Relation between current and time in inductive circuits with constant d.c. voltage 


Where the following nomenclature is 
used: 

s = Inductive-time constant or the 
time in seconds required for the 
current to reach 63.2 per cent of 
its final value 

S = Time in seconds required for the 
current to reach 98 per cent of 
its final value 

P = Time required for the current to 
build up from zero to 50 per cent 
of its ultimate value 

L = Inductance in henries 

R = Resistance in ohms 

On d.c. devices the only interest in 

inductance is in its damping effect dur- 
ing the first short interval of time or in 
its effect on circuit interruption. How- 
ever, on a.c. apparatus the “inductive- 
time constant” may be longer than the 
natural period of the applied frequency. 
This results in the current not having 
time to build up to its maximum value 
before the voltage reverses. When this 
is the case it is the inductance which 
limits current rather than resistance. 

To consider inductance from a different 

point of view it must be brought out 
that inductance is an inherent property 
of coiled conductors. It is the result of 
the interlinking of magnetic flux of these 
parallel coiled conductors. Changes in 
current produce changes in the resultant 
flux. When the number of lines of flux 
are changed they induce voltages in the 
conductors which produce them. These 
voltages are always in such a direction 
as to oppose the change producing them. 
From this it is evident that inductance 
is an electro-magnetic effect. Therefore 
the material of the magnetic circuit is 
an important factor. Coils having no 
iron possess lower inductance than coils 
on unsaturated iron circuits. The follow- 
ing formulas are useful for estimating 
the inductance of coils with air cores: 
i 2.03 a? T? 
~ (6a + 9b + 10c) 10° 


ima ee 
L = 


b+ec+r 
L = Inductance in henries 


T = Number of turns 
l = Length of conductor in feet. 
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Fig. 2—Curves showing maximum inductance obtainable using 


various sizes and lengths of DCC wire 


= Shape constant which varies from 
1.0 for very long coils to 2.0 for 
very short coils. For most shapes 
this falls between 1.1 and 1.2 
a = Mean radius of winding 
b = Axial length of winding space 
= Depth of winding radially 
r = Outside radius of winding 
Maximum possible inductance is ob- 
tained on coreless cylindrical coils when 
the proportions are: 


S= 12 cnis 


Therefore the maximum inductance ratios 
of these dimensions are: 


eis 


_ 
or 
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Curves Fig. 2 and Fig. 3 show the 
maximum inductance possible from the 
best arrangement of air core coil for 
a given size and length of wire. Changing 
any of the factors reduces the inductance 
but the limits are not as sharply critical 
as might be expected. For example, the 
inductance will be within 90 per cent of 
the maximum possible under the follow- 
ing conditions: 

a 


— = (0.5 to 2.5, Ss 1.2 
b c 


3 a@3ve0lk >< 92 
b c 


Where unsaturated iron is present the 
inductance will be increased considerably 
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Fig. 3--Curves showing maximum inductance obtainable using 


various sizes and lengths of enameled wire 


over the case where an air core is used. 
When the flux can be determined from 
formulas given in earlier articles of this 
series on magnetic circuits, 
a. 
L= 70 xT 


Where 
L = Inductance in henries 
$ = Total flux 
T = Number of turns 
I = Current in amperes 
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Fig. 4—Effect of inductance on reactance 
at different frequencies 


In general where iron is present in 
magnetic circuits it is advisable to de- 
termine by test the magnetic constants 
of the device. This can be done either 
on the exact apparatus or on a similar 
device and the results interpreted with 
suitable correction. 

The apparent resistance of an induc- 
tive device on a.c. circuits can be trans- 
lated into “reactance ohms” which de- 
pend upon frequency and inductance. 
Curve Fig. 4 illustrates this relation. 
For calculating the reactance ohms, 


ZA=xZe/t 
Where 


X = Reactance ohms 
f = Frequency in cycles per second 
L = Inductance in henries 


Since resistance ohms and reactance 
ohms are different in their nature they 
cannot be added directly arithmetically. 
They must be combined algebraically by 
the following formula into a combined 
value known as “impedance ohms.” 


Z=V RX X? 
Where 


Z = Impedance ohms 
X = Reactance ohms 
R = Resistance ohms 


On a.c. circuits where the current is 
limited by a combination of reactance 
and resistance in the form of impedance 
ohms, the voltage divided by the im 
pedance ohms is equal to the current in 
amperes according to Ohm’s law. 
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GEORGE F. NORDENHOLT, Editor 


Why Not Honor Them More Often? 


We appeal to our readers for 
an answer to this question. 


It sEEMS that during recent years scientists and 
inventors have at last begun to receive some recog- 
nition. Moving pictures have dramatized the life 
and accomplishments of Louis Pasteur, Alfred 
Nobel, Alexander Graham Bell. But in each of 
these, the honor has been bestowed after death 
and hence can be of little satisfaction to those whose 
careers have been glorified. 

When all is said and done, the world owes all 
of its material progress to scientists and inventors. 
Every great industry owes its existence to such 
men. Without their accomplishments the world 
would still be in the Dark Ages. This has been 
said over and over again but nobody has ever done 
anything about it. 

However, last July prominent men among the 
members of the National Association of Manufac- 
turers decided that there ought to be a celebration 
of the 150th anniversary of the founding of the 
American Patent System. Some wise head or heads 
suggested that it would be specially fitting to cele- 
brate the event by honoring the men who by their 
patent-protected inventions made possible Ameri- 
can industry and the American way of living. Thus 
was launched the Modern Pioneers’ movement. 

Upon invitation, American manufacturers nom- 
inated more than 1,000 men to receive awards. A 
committee of six scientists headed by Dr. Karl T. 


Compton president of M.I.T., selected the 500 who 
were awarded scrolls at 15 regional dinners. And 
at the national dinner, the 19 selected as the most 
outstanding ones of the 500 Modern Pioneers 
were awarded silver placques. 

We are unstinted in our praise to the men who 
launched this idea and to the National Association 
of Manufacturers for sponsoring it. No more fit- 
ting way to celebrate the 150th anniversary of the 
United States Patent System could be imagined. 
But must we wait for another Patent System cele- 
bration before honors are again bestowed upon 
Why not have such a celebration at 
stated intervals of about five years? And instead 
of honoring 500 inventors, the accumulation of 25 
years of inventing, there would be only 20 or 25 
This would have the desirable effect 
of concentrating attention on fewer men, thus giv- 
ing them more individual publicity and thereby in- 
creasing the value of the award. It would be a 
distinction that would appeal to many and would 
elevate science and engineering. 


inventors ? 


to honor. 


In making this suggestion PRODUCT ENGINEERING 
offers to support it and promote it if it meets with 
favor. If the engineering designers and inventors 
think well of it, we would like to hear from them 
to the end that we might be able to judge the value 


of this suggestion. 
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Specially designed automatic machine with frame and sheet clamped in position on jig car and ready for spot welding. 





Horizontal 


or vertical rows of spots can be made at the rate of 60 per minute. To obtain economy in fabrication time and materials handling 
two jig cars are used, while one car is being unloaded and then reloaded, work on the other car is being welded 


DESIGNED FOR WELDING 


V. R. WILLOUGHBY 


Vice President in Charge of Engineering, American Car and Foundry Company 


HEN AUTOMOBILES, trucks, 

buses and airplanes became 

major factors in transportation, 
the railroads found themselves faced 
with a situation that demanded radical 
changes in the design of their equipment. 
The obvious answer to the problem of 
winning passengers was to offer safer, 
more comfortable, de luxe and faster 
service. To profitably compete against 
other forms of freight transportation re- 
quired larger, lighter freight cars of su- 
perior design with reference to factors 
such as initial cost, cost of hauling and 
handling freight, and in addition lower 
maintenance cost. 

A great variety of problems were en- 
countered in the design of ultra modern 
railroad passenger cars. In order to win 
customers, cars were qftickly equipped 
with air conditioning and heat insulated. 
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HOW BALANCED DESIGN, using to best 

advantage the materials and pro- 

duction processes available, solved 

the problem of how to build lighter 

and stronger railroad cars that com- 

pete successfully with other forms 
of transportation. 





Truck designs and body mountings to 
give smoother silent riding were devel- 
oped. Then rapidly followed “stream- 
lining” and de luxe appointments. When 
it is considered that all these improve- 
ments had to be accomplished without 
increasing the weight of the equipment 
and without diminishing the safety of 


the cars in service, it becomes evident 
that new ideas in design and construc- 
tion had to be created. A more efficient 
type of structural design that also made 
possible more economical production 
methods had to be developed. Naturally, 
thoughts were directed towards investi- 
gating the possibilities and advantages 
presented by welded design. 

The use of welding in railroad car 
building is not new. As long ago as 1908 
the American Car & Foundry Company 
built a gas welded tank car. Again, in 
1911, the same company designed and 
built a gondola car wherein the sheets 
were spot welded to the frames. This last 
car was still in service with the welds 
stili in good condition, in 1925. During 
the period from 1911 to 1923, the further 
development of welded cars lagged, 
largely on account of the war, but from 
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then on progress became faster. Welding 
became used more and more extensively 
for car parts, as welding the joints in 
deck sills and plates, door sills and head- 
ers and similar parts. Spot welded pas- 
senger car doors, both steel and alumi- 
num, have been designed and built by the 
American Car and Foundry Company 
since the middle of the twenties. With 
this background of experience, we under- 
took the task of analyzing the possible 
advantages in the design of railroad 
cars of welded construction substantially 
throughout the car. The first step was to 
investigate the inherent characteristics of 
riveted construction and the possible ad- 
vantages of welding. 

In any riveted construction the loss of 
metal, and hence the loss of strength, on 
account of rivet holes is a serious handi- 
cap that cannot be avoided. It is not 
only a matter of the loss of section area, 
but the holes also cause stress concentra- 
tion. In addition, the rivets will creep 
when under high stress. Joints subjected 
to stress concentration and creep become 
weakened and in time will fail under 
a load lower than the original static 
strength of the joint. 

Another serious objection to riveted 
joints is that the cross-section of the con- 
nected members at the joint must be 
increased to give the joint the strength 
required. Usually the thickness or cross- 
sectional area of the rolled structural 
member or sheet used must be in- 
creased. After calculating the thickness 
to give the desired working stress, it 
must be divided by the efficiency of the 
riveted joint. Thus almost 50 per cent 
must be added to the thickness of the 
sheets in car tanks because the efficiency 
of the double-rivet lap joint used is only 
70 per cent. 

In addition to the inherent handicap 
of the riveted joints with reference to 
strength, it must also be considered that 
in many riveted constructions metal must 
be added solely to provide space for 
rivet heads. When the conventional stand- 
ard rolled sections were first developed, 
flanges were designed mainly to provide 
space for riveting; the distribution of 
the metal over the stressed cross-section 
to procure the best strength and stiffness 
was usually a subordinated consideration 
or a compromise. 

Finally, it is often impossible to use 
the thin sheets otherwise permissible 
if the sheets must be fastened by riveting. 
With thin sheets subjected to stress and 
fastened by riveting, the metal around the 
rivet hole is liable to be crushed by the 
high stresses imposed on the relatively 
small area in the wall of the rivet hole; 


Finished side frame unit with sheet spot 
welded to frame. Spots show only on the 
framing, electrode on jig car being a 
copper sheet. Hence there are no dimples 
visible on the finished car 
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that is, the bearing value of the sheet 
or plate limits the strength of the 
riveted joint. 

Welding was the obvious answer to the 
question as to the type of construetion 
tc be adopted in many details in the 
design of improved railroad equipment. 
Welding permits the best distribution of 
the metal, thus eliminating superfluous 
material, and gives to the joint the full 
strength of the member. 

By taking advantage of all of the possi- 
bilities inherently available in welded 
construction it is possible to develop a 
design of car that will be structurally 
lighter and more than compensate for the 
weight added by air conditioning equip- 
ment and luxurious appointments. At the 
same time the new design must have 
all of the safety of the previous conven- 
tional designs. The success of the design 
development program based on this phil- 
osophy is evidenced by the new cars now 
in service. They are lighter and stronger 
than the older ones of conventional de- 
sign and riveted construction, in spite of 
the added weight of air conditioning 
equipment, luxurious appointments and 
increased length. 

One of the major steps leading toward 
the “all-welded” railroad car as we know 
it today was the designing in 1934 of the 
spot-welded passenger cars with com- 
pletely riveted underframes, for the 


“Rebel” trains running on the Gulf 
Mobile and Northern Railroad between 
New Orleans and Jackson, Tennessee. It 
has long been recognized that a perfectly 
smooth car exterior cuts down wind resist- 
ance, gives a better appearance and is 
easier to clean. Such an exterior surface 
in cars can be obtained in a practical 
manner only by spot welding which also 
has the advantages of making stronger 
joints without the weakening effect of 
rivet holes. The side sheets and roof sheet 
of the cars for the “Rebel” trains were 
spot-welded to the framing. Two trains 
of these cars were delivered in 1935 and 
a third train in 1937 and all have had 
excellent service records. 

The next step was a study of possible 
design changes that would enable im- 
provements in production methods in or- 
der to reduce costs. The “Rebel” cars had 
sides and roof made of relatively small 
spot-welded panel sections, the size of the 
panels being limited by the fact that 
larger panels could not be handled at 
the stationary spot welder. Thus, many 
panel units per car were required. The 
conclusion from this part of our study 
was that, if feasible, we would, in co- 
operation with welding machinery manu- 
facturers, develop a spot-welding ma- 
chine that could spot weld a complete 
side and a complete roof and would be 
capable of making many spot welds 





101 


| 
| 
| 
| 











Completely arc-welded freight car underframe ready to receive the ends, sides and roof. 
The rivet holes for fastening the end sheet can be seen clearly 


simultaneously. Such equipment was de- 
veloped and is now in three of the plants 
of the American Car & Foundry Com- 
pany. These special spot welders have 
62 electrodes capable of making that 
many spot welds individually and con- 
secutively, each requiring less than a 
second of time. They are capable of spot 
welding vertical or horizontal rows. 
The welding is done with the work 
in a horizontal position clamped to a 
welding jig mounted on wheels and run- 
ning on tracks underneath the welder 
platen. The top of the welding-jig car is 
a copper plate on top of which is laid 
the sheet. Over the sheet is placed the 
framing which is clamped in position. 
Thus the movable top electrodes bear 
against the thicker framing members and 
the “spots” are out of sight in the finished 
product. Operation of this multiple spot 
welding machine is entirely by push- 
button control. 

A second important conclusion revealed 
by the study of shop operations was that 
the amount of arc welding done on the 
final assembly track should be reduced 
to a minimum. Only a relatively few men 
can arc weld on a car at the same time on 
account of the danger of injury to the 
eyes from the ultra violet light. It is 
practically impossible for other trades to 
work on a car while the arc welding is 
going on. Also, to continue with welding 
on the final assembly on the track would 
be a non-economic method requiring 
many hand welders and many track posi- 
tions. Obviously, it would be best to 
eliminate all arc-welding from the final 
assembly track. 

Summarizing, the conclusions from the 
studies were: develop a design of car 
wherein the framing of the underframe, 
the framing of the two sides and roof 
would each be assembled by arc-welding 
in a jig; the side sheets and roof sheets 
would each be fastened to their respective 
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framing by the special multiple spot 
welder mentioned above; the finished 
welded sub-assemblies consisting of un- 
derframe, sides and roof would then be 
riveted together subsequently on the final 
assembly track. 

This is the construction finally adopted. 
The rivets securing the sides to the 
underframe and the roof to the sides are 
vertical rivets spaced approximately 314% 
in. All of the rivets are entirely inside 
the car, thus giving a construction that 
has a smooth exterior surface that lends 
itself to streamlining and also cuts down 
the resistance caused by head and yaw 
winds. 

As an example of the weight saved by 
welded design, a comparison of riveted 
versus welded center sill will be given. 
A similar comparison of other units of a 
car gives comparable results. The center 
sill is the backbone of the railway car 
structure. It acts as a carrying member 
in distributing certain local loads to 
the transverse members of the under- 
frame, which in turn transmit some to 
the load carrying side structure. Its 
principal function is that of a column 
to take care of the horizontal shocks 
and impact incident to train operation 
imposed on it by the car coupler. A por- 
tion of a conventional riveted center sill 
for passenger cars is shown in the accom- 
panying illustration. The great number 
of rivets required, the abrupt discontinu- 
ities of cross-section, the wasted metal in 
the flanges and similar undesirable fea- 
tures of riveted construction are evident. 

Several progressively improved designs 
of welded center sills were considered in 
the course of developing the final design 
shown here. The rolling of a single struc- 
tural member of special cross-section for 
use as a center sill was out of the ques- 
tion. The next best thing was to develop 
a special section of such design so that 
two members of this special section, 


when placed together, would give the de- 
sired center sill section. The result is the 
basis of the welded design shown here. 

In the final design of center sill as 
shown in the accompanying illustration 
two pieces of a special Zee section, each 
the full length of the center sill, ar 
placed with the top flanges of the Zee in 
abutment. The two members are then arc 
welded together. Thus is obtained the 
unit section desired. 

Box cars with such welded center sills 
were submitted to exhaustive tests along 
with the best types of box cars that had 
been built previously. In the older cars. 
the riveted center sill had a cross-sec- 
tional area of 28 sq. in., whereas in the 
new cars the cross-sectional area of the 
welded center sill is only 21.3 sq. in. The 
cars with the new welded center sill of 
the design shown here had a shock-re- 
sisting strength 20 per cent greater than 
that of the older cars with riveted center 
sill. Thus, 20 per cent greater strength 
was obtained with a center sill construc- 
tion, wherein the cross-sectional area is 
approximately only 75 per cent of that of 
the old conventional riveted sill. The net 
result is a center sill construction that 
is 20 per cent stronger and weighs about 
23 lb. per running foot less than the com- 
parable center sill of the old conven- 
tional riveted design. 

With reference to the cost of the welded 
center sill construction as compared to 
the riveted construction, the cost of the 
smaller amount of steel required is only 
one item. There is also a substantial 
saving in the labor cost of fabricating. 
As can be seen in the illustration, the 
welded center sill eliminates the coping 
of flanges and to a large degree the 
punching of holes necessary with the 
old design. 

A similar detailed comparison of 
riveted versus welded bolsters, cross 
bearers, and cross ties would show simi- 
lar savings in weight and costs, hand in 
hand with greater strength and rigidity. 
underframe cross-members are 
assembled as far as possible as individual 
units and welded in jigs in order to 
assure uniformity of positioning and 
dimensions. The individual units are then 
assembled in a jig together with the 
longitudinal sill structure, and arc 
welded. Thus is assured the correct loca- 
tion and proper alignment of the finished 
underframe structure. The side frames 
of the car and the roof framing are jig 
welded in a similar manner. 

On the track, the final assembly may 
be either by welding or by riveting, but 
as explained above, from a production 
angle, riveting is preferred. Riveting also 
has an advantage when maintenance is 
considered. With the side frame riveted 
to the underframe and the roof riveted 
to the top of the side frame, it is a simple 
matter to replace any one of the four 
units as it would merely be necessary to 
cut out the rivets, replace the damaged 
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Cross-section of a typical riveted passenger car underframe. 


section with a new section, and then re- 
rivet. Local damage to the car structure 
is readily repaired by welding. The dam- 
aged piece or part may be cut out and 
replaced by fusion welding. 

An equally important factor is the 
kind of material used. With are welded 


construction, it is of course highly 
important that the material selected 


be one which welds readily. This re- 
quirement, plus strength consideration, 
naturally led to the selection of a low 
alloy steel with high tensile strength in 
the as-rolled condition, of which there 
are many brands available. These low 
alloy high tensile steels have a yield 
strength ranging from 50.000 to 60,000 
lb. per sq. in. as compared to a yield 
strength of 32.000 lb. per sq. in. for 
low carbon open hearth steel. The mod- 
ulus of elasticity of both the low carbon 


open hearth and the high-tensile steel is 
practically the same, namely, 29,000,000 
approximately. Although there are quite 
some differences in the workability and 
weldability of the various types of low 
alloy high-tensile steels, some of them be- 
ing air hardening, types that are easy to 
work and weld are available. Most of 
these steels have from two to six times 
as much resistance to atmospheric corro- 
sion as has low carbon open hearth steel. 

In car design, welding is also used 
to good advantage in building up parts 
that in the past have been castings. The 
striker, carrier iron and front draft lugs 
in the American Railroad Association de- 
sign of box cars are of cast steel. These 
are rather intricate castings and must be 
firmly secured to the center sill construc- 
tion, either by riveting or by welding. A 
substantial weight saving as well as a 





Arc-welded center sill and close-ups of the end constructions. Two special Zee sections 
are butt welded together on an automatic arc welding machine to form the main member 
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Extra metal is required to compensate for the many rivet holes 


liberal reduction in cost can be obtained 
by building up these parts from drop 
forgings and rolled steel through the use 
of welding. 

The center filler and rear draft lugs 
are also examples of the economies and 
design advantages of welded construc- 
tion. By using rolled steel shapes and 
plates a welded construction that is both 
lighter and less costly can be made 
that will distribute the loads and 
shocks in a much better manner than is 
possible with the cast steel design. 
Through the entire design of railroad 
cars, both passenger and freight, it holds 
true that welding permits lighter weight, 
eliminates loss of strength resulting from 
rivet holes and finally gives a much better 
balanced structure. In addition, the use 
of spot welding instead of riveting for 
attaching the side sheets gives a perfectly 
smooth exterior surface which has numer- 
ous advantages. The smooth surface de- 
creases wind resistance, makes a more 
pleasing appearance and finally makes it 
easier to keep the surfaces clean with 
little attention. 

The modern passenger train car for 
high speed service, equipped with all 
the improvements necessary for the 
safety and comfort of the travelling pub- 
lic, could not be economically operated at 
the higher speeds prevailing today un- 
less there be a drastic reduction in weight 
as compared with the cars of a decade ago. 
Welding, the use of materials with a high 
strength-weight ratio for the highly 
stressed members, the use of light weight 
materials such as aluminum for interior 
trim and appointments, have all contrib- 
uted to making possible the stronger, 
safer and lighter de luxe passenger cars 
now being built for the American rail- 
roads. But this would have been impos- 
sible without the essential ingredient for 
any outstanding engineering accomplish- 
ment, namely, a balanced design that 
uses to best advantage the materials and 
production processes available and co- 
ordinates the design with the require- 
ments for most economical production. 


103 





Modern Designs 












































PumpiINnG of a semi-fluid, abrasive 
and relatively incompressible ma: 
terial like concrete presents prob: 
lems in the choice of materials to 
withstand wear, valve and piston 
design that will handle an almost- 
solid material and will not jam. 
and provision in the driving mech 
anism to prevent damage in case 
of overload or stalling. 

In this Chain Belt Pumpcrete 
concrete pumping unit, heat-treated 
alloy steels are used for all parts 
contacting concrete, and the pis- 
tons are fitted with molded rubber 
ends; areas of inlet and outlet valve 
ports are nearly as large as cylinder 
cross-section, and there are no 
sharp corners and sudden changes 
in direction. Slippage in the fric- 
tion clutches and in belt drives 
protects working parts and drive 
gearing when stalling occurs. Two 
sub-hopper agitators keep concrete 
uniformly mixed. 


Va/ve rods 
Cam V-belt 
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Single or Dual Operation of Cylinders in Concrete Pump 










Case-hardened cams mounted on the crankshaft operate 
the spring-relieved valve rods. Case-hardened cam rollers of 
S.A.E. 4815 steel are fitted with needle bearings. Valve outlet 
rods are spring pre-loaded to 2,000 lb., inlet rods have double- 
acting springs preloaded to 1,700 lb., to prevent breakage. 
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SCHEMATIC OF 
SUB-AGITATOR DRIVES 


Twin -Disc 
clutch 7 





Schematic of single or dual drive to sub-hopper agitators 
and cylinders. Sliding gears, moved in or out of mesh by hand 
levers, transmit power from double internal gear keyed on the 


counter-shaft to pinions and to roller chains driving sub-hopper s 
agitators. Countershaft is driven by helical gears and V-belts. c 
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VALVE SEAL DETAIL 
Schematic ) 


VALVE CHAMBER 


Valve chambers are cast steel and steel heat-treated to 425-450 Brinell. The Stub shafts are supported on roller bear- 
are fitted with replaceable liners around liners are half-cylinders stamped from ings. Grease under pressure prevents 
the plugs. Plugs are cast of S.A.E. 6150 — alloy plate stock, welded into a sleeve. leakage at shaft seal of valve chamber. 


Clearance Chamber for slushing out particles 
Hard rubber, Nie - Ya in. ‘ which pass upper piston end 
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Garlock copper; ~~~ Garlock flax CYLINDER AND PISTON 

braid packing graphite packing 
Replaceable rubber piston end, clearance. Piston skirt and cylinder wall entrifugally cast of Ni-Cr-Moly iron 
similar to type for mud pumping, pushes are continuously rinsed with wash water. heat-treated to 500 Brinell. Dihard with a 
concrete. Piston proper has jg in. Replaceable liners are of alloy steel or Brinell of 850 is also used for liners. 
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J AGITATOR AND 
a SUB- HOPPER 


Sub-hopper agitator shaft is roller- loaded, protects drive should large aggre- dles are hardened to 350 Brinell and are 
chain driven. A friction clutch, spring- gate jam agitator paddle. Agitator pad- renewable. Hopper is welded steel. 


March, 1940 105 











er aaa nie PTERIS SAE SONOS it Sena 































MODERN DESIGNS — Synthetie Rubber Pressure Tube 


ABRASIVE STONES are held against work in the external 
and internal hones designed by Chapman Hone Com- 
pany by internal pressure applied to a neoprene tube. 
Hydraulic or pneumatic pressure may be used. Con- 
struction permits tapered honing on both internal and 
external work on any standard machine. 
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Schematic of control circuit for applying pressure to the 
neoprene tube. This design maintains a uniform pressure dis- 
tribution against the work resulting in more uniform stone 
wear, and permits exact control of stone pressure against work. 
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Plastic Abrasive 











EXTERNAL HONE ASSEMBLY 


End View Sordin A-A Side View end ng =l k 
Section B—B A U] ~ 


Abrasive, tapered 
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TAPER HONE 
SECTION A-A Side View and Section B—B Valve 
Plastic sole plates are molded around plate to the sliding block by means of position against the sliding plate by 
the abrasive stones. In the external hone socket head screws. For the taper hone, clamping rings which fit against the plas- 
threaded inserts are also molded in the the plastic plate is molded with a shoul- tic shoulder, molded in the plate. Hones 
plastic; these are used to attach the sole der; the stone assembly is then held in can be used on any standard machine. 
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Portable Fullertone has a built-in 5 


qt. stainless steel tank for carrying 
developer; wrinkle-finished cabinet has 
storage space for lighting equipment. 
Loads with 200 ft. sensitized paper. Mov- 
able parts run on ball bearings. 


~ 


Shaded pole motor, shielded 


| Sheet steel casing 
` to prevent overheating 








Torrington 
8-in. blade . 


by Forced air circulator to improve heat distribution of oil- 
1S- burning space heaters. Built by the Florence Stove Company, 
es the unit, a three-bladed fan and 30-watt motor in a wrinkle- 
le. finished drawn steel housing, attaches to top of heater. 

iG March, 1940 


Completely Self-Contained Reproducing Machine 





Heat Distributor Unit: New Hydraulie Punch 
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Hydraulie pressure applied to this Progressive Welder 
punch first brings die against work. As pressure builds up, 
reverse movement of cylinder punches work. The stripping 
spring retracts punch, nesting form acting as stripping plate. 
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MODERN DESIGNS — Main Frames and Boom Welded 










PowereED with gas or diesel engine 
or with electric motor as desired, 
the Insley excavator is a full-revolv- 
ing machine of the crawler type 
made in 2 cu.yd. and } cu.yd. 
capacities. The upper revolving 
frame may be truck-mounted when 
full load handling capacity with 
high mobility is desired. All shafts 
and drums are mounted on shielded 
bearings protected by dust seals. 
















Two speeds are provided in the trans- 
mission: low for operation of digging 
machinery and for slow travel at % mi. 
per hr. and high speed for travel at 234 
mi. per hr. All drive shafts are alloy 
| steel heat-treated to obtain maximum 
toughness. All gears except the pair of 
bevel gears in carbody are heat-treated 
| 
| 












cast alloy steel with machined teeth. 






















Shielded ball bearings protected by labyrinth seals support 
drums and shafts. Front drum which operates dipper stick is 
reversible. It is gear-driven through a clutch on one side, for 
retracting; drive in reverse direction, used for crowding, is 
through a clutch and chain drive on the opposite end of the 
drum. When used with dragline attachment, the double-drive 
drum allows two digging speeds. Chain drive gives high line 
pull at slow speed; gear drive gives high line speed and less 
line pull for digging in lighter materials and for handling 


backfiller blade. 


Balanced internal-expanding clutch having two half- 
wrap bands requires less than 5 lb. lever pull for complete 
engagement. Feel is so sensitive that full load or light load may 
be suspended in mid-air by slipping clutch and without the use 
of drum brake. This construction avoids the eccentric loading 
of drum bearings caused when full-wrap clutch bands are used. 
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Top view of welded revolving frame. Horizontal gears of 
heat-treated alloy steel run in an inclosed oiltight housing. 





CHROME-PLATED BERYLLIUM COPPER cold-forged and heat- 
treated is used for Bard-Parker surgical knife handles. 
Nickel silver lacked necessary strength; stainless steel 


f , i corroded in the sterilizing baths and the rust tended to 
Revolving frame is of all-welded construction. Horizontal strike through the chrome-plating. In addition stainless 
gears are inclosed in an oil-tight case to which pressure lubrica- steel was expensive and dificult to work. Beryllium 
tion is supplied by a cam-operated oil pump driven from the copper was found to have satisfactory strength and non- 
engine. An opening in the rear of the welded frame is located 


: As i ; corrosive properties. 
under the engine permitting easy removal of the engine oil pan. 





Desk Unit Records Dictation on Film 


ame ar apy =e i Any mn a. 






Dictation electrically recorded. 


ing and playback device. ighty parallel trol knobs are Plastacele; combination 

The Recordak, developed by Wm. L. grooves 0.002 in. wide can be cut on the handle and indirect light is molded of 

Wolf and styled by Howard Ketcham, is 33 mm. du Pont film; a 21 ft. roll suffices Lucite. Sheet steel housing has two-tone 

basically a compact sound-track record- for five to six hours dictation. Con- Hilo metallic finish, chrome-trimmed. 
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MODERN DESIGNS — Combined Cast and Welded 


CONSTRUCTION in the Thew Lorain shovels consists 
principally of formed and welded steel sections com- 
bined with steel castings. The boom side members are 
two pressed channel sections welded into a rectangular 
tube and supported at the center by a steel casting 
housing the shipper shaft. X-bracings of H-beam sec- 
tion below this point provide resistance to side deflec- 
tion and torsion. The entire boom is electric-welded 
together. Dipper stick is an all-welded structure of 


rectangular cross-section. Wide flange H-beam sections 
Crowd rack is drop-forged. 


support the carbody. 





Fall length tread support is furnished by a T-rail welded 
to the side frame, reducing wear on tread pins. Side frame is 
made up of two electrically welded composite girders. Drop- 
forged rollers have neoprene seals. Shoes are steel castings. 





Swing drums are of two-piece design. Bevel gear and clutch 
hub are integral and are cast of manganese-molybdenum steel. 
The split, clutch friction rings are nickel-molybdenum cast iron. 
Clutch linings are mounted on reversible bands. 
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Pressure lubrication is provided to each shaft bearing 
through centralized grease leads. Propelling and steering 
mechanism is fully inclosed and runs in an oil bath. Ratchet 
and double pawl on crawler drive shaft act as safety lock 
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Differential Steering, Forged Shoes and Rollers 


ROLLED SHAPES riveted to transmission and differential 
casting make up the main frame of the new Cletrac 
tractors. Front end of main frame is carried on two 
heavy longitudinal springs supported on trunnions in 
front castings of track frames. Anti-friction bearings, 
pressure lubrication and sealed shafts are features. 


F 
TA 


w 


Controlled grey iron casting houses transmission and dif- Drop-forged rollers are protected by double leather seals. 
ferential steering mechanism. Final drive is pressure-lubricated Inner seal is barrel-flanged leather packing held by phosphor- 
by gear pump. Dead axle supports tractor weight on track bronze coil spring. Outer seal cover is crimped over inner seal 
frame, protects driving mechanism from road shocks. making a single assembly for close press fit in retainer. 











One-piece, drop-forged shoes have heat-treated wearing Differential-drive gears are machined from chrome-nickel 
faces. Track shoe pins and bushings are carburized and hard- steel. All shafts are alloy steel, supported on ball bearings. 
ened to provide hard wearing surface and shock-resistant core. The entire assembly operates in a bath of oil. Double disk 
Bushings are pressed in place under 40,000 lb. pressure. clutch can be removed as unit without disturbing transmission. 
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ALUMINUM BRONZE 


Effect of Composition on Design Use 


AKING one specification cover 
the entire group of aluminum 
bronze alloys is as difficult as 
making one S.A.E. 
chrome-nickel steel serve for all 
applications. Such a restriction would 


composition of 
steel 


W. W. EDENS 
Chief Metallurgist, Ampco Metal, Inc. 





VARIATIONS as small as one-half per 
cent in aluminum content may 
change physical characteristics so 
much that an otherwise good de- 
sign may become ineffective 





The high-iron material usually has a 
smaller grain size, greater hardness and 
greater resistance to wear. In Table I are 
listed some of the existing standard speci- 
fications for these aluminum bronzes. 
The equilibrium diagram, Fig. 1, shows 


mean the serious omission of many approximately the effect of aluminum con- 
other valuable steels that are now tent and temperature on the properties of 
accepted as more or less standard aluminum bronze alloys. The micropho- 
for certain applications. In a similar more exact than the general classifica- tographs show the six possible crystalline 


manner, although not generally realized, 
one specification for aluminum bronze 
means the serious omission of other com- 
positions of value to modern industry. 
Aluminum bronzes as a class are valu- 
able because of their high strength, cor- 
rosion resistance, hardness, high endur- 
ance limit or resistance to fatigue, high 
resistance to impact, good bearing prop- 
erties and excellent resistance to wear. 
These properties are of interest and im- 
portance to the design engineer when 
choosing an alloy for a definite purpose. 
However, with such a multiplicity of 
properties to be considered, specifications 


tions of aluminum bronze must be used. 
Aluminum bronzes are copper-base al- 
loys, containing some 5 to 14 per cent 
aluminum, along with the possible addi- 
tion of up to 5 per cent of a third ele- 
ment such as iron, manganese, nickel, or 
a combination of them. By far the great- 
est tonnage of cast aluminum bronzes 
contain iron as the third alloying ingre- 
dient so this article will be confined to 
the iron-bearing aluminum bronzes. 
These are usually classified under 
two headings: low-iron alloys containing 
about 1 per cent iron, and high-iron al- 
loys containing 2.5 to 4.5 per cent iron. 


arrangements when the aluminum con- 
tent lies between 9 and 14 per cent. Note 
that the micro-structures are various com- 
binations of the following crystals: a 
ductile “alpha” crystal which has a max- 
imum hardness of 115 Brinell; a harder 
and less ductile “beta” crystal which has 
a maximum hardness of 240 Brinell; a 
still less ductile matrix of small “alpha” 
and “delta” crystals called a “eutectoid” 
structure which has a maximum hardness 
of 270 Brinell; and a very hard and 
brittle “delta” crystal which has a maxi- 
mum hardness of 460 Brinell. Combina- 
tions of these forms will have strength, 


Table I—Aluminum Bronze Specifications 


(All values on standard 2-in. sand cast test bars) 
















































































ULTIMATE 
TENSILE YIELD 
Impurities | Cast orn | STRENGTH Point ELONG. 
SPECIFIED ALLOY Cu AL FE (PER CENT HEAT- (LB. PER | (LB. PER |(PER CENT 
BY No. (PER CENT) |(PER CENT)| (PER CENT) MAX.) TREATED | SQ. IN.) SQ. IN.) IN 2 IN.) 
Federal 1 85-89 7-9 2.5-4.0 0.5 Sn 
1 others Cast O EO i Sscad 20 
S.A.E. 68 2 85-87 7-9 2.5-4.0 | 0.5 Sn 
0.25 others Cast 65,000 25,000 20 
A.S.T.M. B-59-36-A 3 87-89 7-9 2.5-4.0 0.5 Sn 
tł others Cast 65,000 25,000 20 
A.S.T.M. B-59-36-B 4 89.5-90.5 | 9.5-10.5 1.25 | 0.2 Sn 
Max 0.5 others Cast 65,000 25,000 15 
Federal B-671 5 89.5-90.5 | 9.5-10.5 1.0 0.2 Sn 
lass B Max 0.5 others _&¥ SD. iuias 5 
U.S. Navy 46-B-186 6 85-89 7-9 2.5-4.0 0.5 Sn 
0.25 others Cast Oo eee 25 
General 4040-M 7 87-89 9-11 1.5-2.5 | 0.5 Sn 
Motors 0.25 others Cast 70,000 37,500 18 
Air Corps | 11076 8 78 Min. 10.5 |5Fe Max.| 0.2Sn 
12.0 5 Mn Max 0.5 others H.T 85,000 200 3 
| 5 Ni Max Brinell 
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ductility and hardness depending on the 
proportion of each type of crystal in a 
particular structure. As indicated by the 
diagram this will depend on the alumi- 
num content and the temperature at 
which transformation in grain structure 
ceases, 

To illustrate the effect of these two 
factors on the crystalline formation and 
consequently the physical properties of 
an aluminum bronze, assume a casting 
with aluminum content of 11 per cent. 


mation in structure progresses to a point 
equivalent to quenching at 1,200 deg F. 
the ductility will be increased because 
the structure has changed to one con- 
taining ductile “alpha” crystals similar - 
to that shown in Fig 1(c). Hardness will 
be less than 240 Brinell depending on 
percentage of ductile “alpha” formed. If 
transformation continues below 1,058 
deg. F. because of very slow cooling the 
micro-structure will be similar to that 
shown in Fig. 1(d). Hardness of the 


about 1,500 deg. F. With an aluminum 
content of 7 per cent the material will be 
comparatively ductile and will have an 
appearance similar to that in Fig. l(a), 
with a maximum hardness of about 115 
Brinell. If the aluminum content be in- 
creased to 9 per cent the physical prop- 
erties will be improved and the structure 
will be similar to that shown in Fig. 
l(c). Addition of 2 per cent more alu- 
minum would make a material similar to 
the “beta” structure shown in Fig. 1(b), 





e If its rate of cooling is so rapid that bronze may reach 270 Brinell and it will which would have still less ductility and 
d transformation is completed at 1,600 deg. be brittle. higher hardness values, up to 240 Brinell. 
e F. it will have a structure similar to that Now suppose a casting of such form With an aluminum content above 11.8 
l- shown in Fig. 1(b) with a maximum pos- that the cooling rate is very rapid, thus per cent, aluminum bronze is of such 
sible hardness of 240 Brinell. However, limiting the transformation at a point hardness that it has only a limited num- 
re if the cooling rate is such that transfor- ecuivalent to a quench at a temperature ber of applications. Some of these are 
l- 
of 
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a 
X- 
er 
as 
Strong but less ductile material 
a with maximum hardness of about 
” 240 Brinnel. Microstructure _is 
composed of “beta” crystals which 
|” show dark when etched with fer- 
: ric chloride solution, see (b) 
ad 
xi- 
a- 
th, Material will 











Temperature (deg. F.) 


Fig. 1—Microphotographs show typical structures of aluminum bronze produced by temperature and composition limits 


various areas in equilibrium diagram 


have 


ductility 


and hardness 
varying be- 


tween 


values 


of materials to 
left and right. | 
Being a mix- 
ture of ductile | 
“alpha” crys- | 
tals and hard- 
er “beta” crys- 
tals, see (ce), 
physical prop- 
erties will de- 
pend on the 
proportion of 
the two 


maximum Brinnel hard- 
ness of about 115. Micro- 
structure is composed of 
“alpha” crystals which 
show white when etched 
with ferric solution, see 


(a) 


| 
| 
| 
| 
Ductile material with | 
| 
| 
| 


7 8 9 


Material will be hard- 
er and more brittle 
than that formed un- 
der conditions above, 
maximum Brinnel 
hardness being about 
270. Microstructure is 
mixture of “alpha” 
crystals in a matrix 
structure called **eu- 
tectoid,” see (d) 
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Aluminum Content (per cent) 


Ma- 

terial 

which 

is brittle 
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hardness 

properties 

varying be- 

tween val- 

ues of mate- 
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crostructure is 

mixture of 

“beta” and 

“delta” crystals, 

the latter approx- 

imately 460 Brin- 

nel appearing grey 

and angular in 

shape when etched 

with ammonium hy- 

droxide and hydrogen 
peroxide, see (e) 


Brittle material with 
hardness varying be- 
tween 270-460 de- 
pending on ratio 
between “‘eutectoid” 
structure and “‘delta”’ 
erystals, see (f) 
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forming and drawing dies, wear strips to 
replace hardened steels and a few others, 
all of which represent a small fraction of 
the yearly total of aluminum bronze 
tonnage. 

Below 11.8 per cent aluminum content 
there are two general types of aluminum 
bronze; one being ductile because of 
the predominance of “alpha” crystals, 
the other being harder and less ductile 
because of the predominant influence of 
“beta” and “eutectoid” structure. The 
transition point between the two lies at 
about the 9.5 per cent aluminum content 
line. This division applies to both low- 
iron and high-iron alloys. 


The Critical Range 


Perhaps the most common type of alu- 
minum bronze is the familiar 89-10-1 
composition, a low-iron alloy. Alloy 5, 
Table I, gives standard physical proper- 
ties of this material. It has been cus- 
tomary to limit the aluminum content be- 
tween 93 and 103 per cent. This range 
is very critical because of its nearness 
to the transition point between the ductile 
“alpha” type bronzes and the harder less 
ductile “beta” or “eutectoid” bronzes. 
An aluminum content on the low side of 
the specification gives an “alpha” type 
bronze with properties similar to those of 
Alloy 5, Table II. Raising the aluminum 
content to the high side of this specifica- 
tion by as little as 3 to 1 per cent results 
in a harder more brittle bronze. Alloy 7 
in Table II is typical of this type of alloy. 

Low-iron aluminum bronzes are usu- 
ally supplied in a heat-treated condition. 
It is in the heat-treatment that slight dif- 
ferences in aluminum content becomes 
especially important. For example, heat- 
ing the ductile “alpha” type bronze in- 
dicated by dotted line A in the equilib- 
rium diagram, Fig. 1, to an elevated tem- 
perature will cause the reabsorption of 
the “alpha” crystals into the harder and 
stronger “beta” structure. To do this the 
temperature would have to be raised to 
1,740 deg. F. which is beyond a safe 
commercial heat-treating temperature for 
this material. At any temperature below 
that, some “alpha” crystals will always 
remain. Being the ductile and tough con- 
constituent >the” “alpha”? will give the 
bronze an elongation which is greater 
than that*agsually spécified for heat- 
treated 89:19:1 material. The physical 
properties after a proper drawing opera- 
tion will be more nearly like those of 
Alloy 6, Table II. The alloy has high 
strength with relatively high elongation. 

As indicated by line B in Fig. 1, in 
heat-treating the 89-10-1 bronze when 
the aluum content is nearer the high 
side of the specification the material be- 
comes less-ductile and harder at a much 
lower temperature. 

On theelpw.side of this specification 


the ductile “alpha” constituent can never 
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be entirely absorbed with commercial 
heat-treating practice whereas with a 
slight addition of aluminum a 100 per 
cent “beta” structure with higher physical 
properties can be obtained within ordi- 
nary safe working temperatures. It is 
therefore important to specify definite 
limits of composition which will insure 
the desired physical properties without 
expensive foundry technique. Two dis- 
tinct alloys, one with aluminum content 
of 9-10 per cent and the other with an 
aluminum content of 10-11 per cent, as 
shown by Alloys 5 and 7, Table II, are 
suggested as logical selections. While 
the theoretical division point between 
these two alloys is at 9.5 per cent the 
rate of cooling in commercial sand cast- 
ings causes slight variations in this point. 

The 10-11 per cent bronze can be heat- 
treated to have the properties of Alloy 8, 
Table II. Its exceptional physical prop- 
erties make it an ideal material for severe 
applications where sudden and drastic 
overloads occur, and where the installa- 
tion is subject to abrasive conditions 
from foreign particles such as mill scale, 
sand and similar material. In equipment 
that does not get enough attention from 
the maintenance crew and are subjected 
to severe service, the softer alloys quickly 
“chew out” from the abrasive actions or 
mushroom under extreme loading. The 
abrasion resistance and hardness of Al- 
loy 8 make it suitable for such ap- 
plications. 

Another heat-treated form of this alloy 
will give physical properties as indicated 
for Alloy 9, Table II. While this material 
has certain valuable properties in its 
favor, its comparatively low elongation 
definitely limits its usefulness except for 
a certain few parts which are well 
backed up, must not squash out and are 
not subject to distortion under load. 


High-Iron Aluminum Bronzes 


In the high-iron aluminum bronzes 
there are now several specifications cov- 
ering the ductile “alpha” material of 
which Alloy 1, Table II, is typical. This 
alloy has good tensile and elongation 
properties. It is an excellent material for 
applications in which good elongation 
with high resistance to shock is necessary, 
as, for example, parts subject to impact 
loading. 

Adding approximately 3 per cent alu- 
minum will change it to a harder and 
stronger material as indicated by prop- 
erties for Alloy 2, Table II. As cast it 
has somewhat higher physical properties 
than the “alpha” type alloy by virtue of 
its greater hardness it resists “squashing 
out” under comparatively heavy loads. 
Where elongation is of great importance, 
and highest possible bearing qualities 
are required, as, for example, a worm 
gear working under shock conditions or 
a bearing working under high unit load, 


this alloy can be heat-treated to give 
properties as shown for Alloy 3, Table }'. 
The increase in tensile and elongation 
properties is achieved somewhat at thie 
expense of the Brinell hardness, but the: e 
are many instances in which this mate- 
rial will fulfill application requirement.. 

Where it is necessary to have a mate- 
rial with exceptionally high tensile 
strength and proportional limit together 
with good hardness, even at the expen-e 
of some elongation, this same high-iron 
bronze can be heat-treated to have the 
properties of Alloy 4, Table II. There is 
at present no existing general specifica- 
tion for this material in spite of its ex- 
cellent physical properties and its high 
wear resistance. 


Effects of Cooling Rate 


For a given composition of the alloy 
the physical properties of aluminum 
bronze casting will depend largely on the 
cooling rate, unless corrected by later 
heat-treatment. Increasing the rate of 
cooling has an effect comparable to an 
increase in aluminum content; it makes 
the material less ductile, harder and of 
higher physical strength. 

“Mass effect” is an important factor 
influencing the rate of cooling. Small 
castings because of faster cooling will 
develop a somewhat harder structure 
than that found in large castings of the 
identical composition. Where castings arc 
exceptionally small, such as wear strips, 
small gears and other parts of less than 
l-in. section; or extremely large castings 
such as screw-down nuts and other cast- 
ings over 3-in. in section, corrective heat- 
treatment is necessary to insure the de- 
sired properties in the material. 

Most of the factors which affect the 
strength of an aluminum bronze casting 
can be controlled by the foundryman, but 
it is important that a composition be se- 
lected which can most easily give the de- 
sired physical characteristics. Differences 
as small as 0.3 per cent in aluminum con- 
tent may require entirely different tech- 
nique in securing the desired properties. 

Variations in properties are to be ex- 
pected in alloys which have an aluminum 
content ranging between 9.5 and 10 per 
cent and it is difficult to assure consis- 
tently uniform material in successive 
lots or heats of castings. This lack of 
uniformity is not only injurious in the 
final application of the material, but is 
also important because of its effect on 
machining time and general fabrication 
costs. 

Aluminum bronzes logically fall in 
two divisions: (1) The definitely low 


aluminum content ductile types; (2) The 
higher aluminum content harder and less 
ductile types. Each may be in the as-cast 
or in the heat-treated form. They are a 
series of engineering materials that are 
admirably suited to many applications. 
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Table II—Properties and Applications of Aluminum Bronze 


(All values based on standard 2-in. sand cast test bars) 
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ULTIMATE 
TENSILE *YIELD ELonGaA- | BRINELL 
STRENGTH Point TION Harp- 
TYPE OF (LB. PER (LB. PER | (PER CENT NESS 
STRUCTURE ArLoy No. Sy. IN.) sQ. IN.) IN 2 1N.) | (3,000 kg.) 
n ba Raitt tinea taadhdiiacaaaal 
1 — Cast, 65,000- 23,000- 20-25 124-130 
oee 75,000 28,000 
ALPHA o Me Cu 85-89 
oy ( Al 7 -9 
% Fe 2.5- 1 
o, (Max.) “1.00 
7 2 — Cast 75, 000-— 35,000- 12-18 146-166 
g naci | 6,000 § | 42,008 
Z. % Cu 82-86 
Z % Al 10-12 
m % Fe 2.5-4 
Z é; t (Max.) 1.00 
7 
S a 
z 80,000- 35,000- 18-22 138-159 
Q ALPHA- 90,000 12,000 
7 EUTECTIOD 3 — HEAT-TREATED 
= 
93,000- | 43,000- 8-12 180-200 
100,000 50,000 
1 — HEAT-TREATED 
5 — Cast 70,000- 25,000- 30—40 115-126 
r 77,000 32,000 
% Cu 88. 25-90 
%A 9-10 
o Fe (Max.) 1.25 
% (Max.) 0.50 
ALPHA | | HM |] MH 
80,000- 40,000- 22-30 143-156 
90,000 50,000 
6 — HEAT-TREATED 
a 
N 
Z 
= 
z 7 — Cast 70,000- | 38,000- 12-20 | 131-143 
7 n 80,000 14,000 
% Cu 88. 25-90 
5 % Al 9-10 
z % Fe (Max.) 1.25 
Zz % t (Max.) 0.50 
= 80,000- | 40,000- 12-15 | 163-179 
z 100,000 | 50,000 
w ALPHA- 
EUTECTOID 8 — HEAT-TREATED 
80,000- | 60,000- 5-9 187-207 
100,000 70,000 


9 — HEAT-TREATED 








** APPLICATIONS 


Bearings and gears against S.A.E. 
1020. Good elongation, with- 
stands impact loading where 
stresses do not exceed 15,000 
lb. per sq. in. max. 


Bearings and gears against steel 


with minimum Brinell of 225 
Worm gears under heavy load 
and shock or speed variation. 
Good for industrial and salt 
water corrosion. Endurance 
limit 35,000 lb. per sq. in. at 
108 cycles. Very wear resist- 
ant. Good hot strength. 


Similar to No. 2 where increased 
elongation is necessary at ex- 

nse of hardness and 3,000 
b. per sq. in. drop in propor- 
tional limit. Good aring 
material. 


High strength Al-bronze combin- 


ing best tensile, yield point, 
elongation and hardness values. 
Used for extreme service condi- 
tions of Alloy 2 except for cor- 
rosion. Especially good for 
highly stressed parts. 


Soft Al-bronze having exception- 


ally high elongation properties. 
Suitable for light members sub- 
ject to shock, subject to plastic 
flow under heavy loads because 
of low Brinell. Good forging 
properties and good corrosion 
resistance. 


Heat-treated variation of Alloy 5 


showing increase in physicals 
retaining good elongation, 
suited for highly stressed parts 
where deformation rather than 
breakage is essential in cases of 
excessive overloading. 


Low-iron Al-bronze similar in 


application to Alloy 2 except 
that while its wear resistance 
is superior to most bronzes, it 
is not as good as the high-iron 
Alloy 2. 


Heat-treated variation of Alloy 7 


showing increased tensile, yield, 
P.L., and hardness. Used under 
abrasive condition and has high 
resistance to squashing out 
under heaving loading and im- 
pact. 


Heat-treated variation of Alloy 


7 showing exceptionally high 
yield and hardness. Not suited 
or shock loading but when 
pepe backed up will show 
st load carrying properties of 
any of the Al-bronzes. 


aaa Če 


j t Impurities, * 0.01 elongation. ** General applications of Al-bronze include bushings, bearings, spur and worm gears, feed nuts, corro- 
sion equipment, wear plates and strips, and similar applications where high strength, good wear resistance and long life are prime requisites. 
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OR MANY YEARS so-called “port- 
able” sewing machines have been 
on the market. But the “light- 
weight” feature of these machines usu- 
ally was achieved primarily by reduction 
in size, the same materials of construc- 
tion as in the standard machines being 
used throughout. Some of these machines 
used aluminum to further reduce weight, 
but the use of lighter materials was sec- 
ondary, the weight saving being achieved 
primarily by reduction in size. Such ma- 
chines are commonly called “three- 
quarter” or “one-half” size machines. 
Evidently a full-sized rotary electric 
sewing machine, embracing every feature 
of the finest standard machine, but a 
truly portable machine, light enough for 
an average woman to handle and carry 
with ease, would appeal strongly to many 
prospective buyers and would have strong 
selling points. It was primarily for the 
purpose of creating such a sales oppor- 
tunity that the White Lightweight Sew- 
master was developed. 
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White Sewmaster portable sewing machine weighs 13 lb. less but 


CHARLES E. COLEGROVE 


The overall specifications for the de- 
sign of the Sewmaster were not difficult 
to establish. To retain all the features 
of mechanical accuracy, permanence and 
durability of the standard unit, the work- 
ing parts of the new portable model had 
to be exactly the same as those of the 
standard full-size machine. This reduced 
the weight saving possibilities to the re- 
design of the bedplate and arm of the 
sewing machine, which are the. heaviest 
elements of the sewing machine. Nor- 
mally they are gray iron castings. 

Considerable weight could be saved by 
making the base and arm castings of alu- 
minum or of magnesium alloy. The latter, 
being considerably lighter than aluminum 
and only one-fifth the weight of cast iron, 
was selected. A detailed study of the 
dimensions of the bed and arm was then 
made to determine if further weight sav- 
ings could be made by changing their 
shape or size. It was found that prac- 
tically nothing could be gained thereby 
and that any changes in shape or size 












in all other respects is exactly the same as a standard model 
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Chief Engineer, White Sewing Machine Company 
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Material : 
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For tapped holes, gray iron inserts in the | 
magnesium casting must be provided if 


the load on the stud or screw will be too i 
severe for a magnesium thread to with 
stand. Lugs anchor insert to casting 
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would greatly increase production costs. 

ky adhering to the design and dimen- 
sions of the bed and arm of the full-size 
regular machine it was found that the 
same pattern equipment as for the gray 
jron castings could be used for the mag- 
nesium castings. However, in order to 
take care of increased production, new 
pattern equipment was finally provided. 
The big economy of retaining the same 
design as for the gray iron casting came 
in the savings in tooling and machining 
expenses. Here was a striking advantage 
in that production of the Lightweight 
Sewmaster could be put through the reg- 
ular production line using the same jigs, 
fixtures and setups, the only difference 
being in the shape and clearances of the 
cutting tools themselves. Cutting lubri- 
cant is not used for either cast iron or 
magnesium and the same feeds and 
speeds were used for machining both ma- 
terials. Magnesium can be cut faster than 
cast iron but considering the volume of 
production and the shifts in the machin- 
ing setup that would have been required, 
it was found that it was more economical 
to sacrifice the possible gain from the use 
of greater cutting speeds for magnesium. 

Comparing the finished gray iron and 
magnesium castings, the gray iron bed- 
plate weighs 8 lb. 2 0z., the magnesium 
alloy bed plate weighs 2 lb. 63 oz., the 
cast iron arm weighs 10 lb., the magne- 
sium alloy arm weighs 2 lb. 95 oz. Thus 
a total saving in weight of 13 lb. 2 oz. 
was effected by the change from gray iron 
to magnesium alloy. 

A number of design precautions must 
be observed when changing from cast 
iron to magnesium. Magnesium screw 
threads are not as strong as those of cast 
iron. Hence small tapped holes for hold- 
ing studs or screws subjected to serious 
loads, vibrations or shocks, should not be 
used. The solution is to tap larger diam- 
eter holes, or more holes, or use cast iron 
or steel inserts. The design for a cast 
iron insert is shown here. 

The greater coefficient of thermal expan- 
sion of magnesium makes it necessary to 
used slightly larger clearances for mag- 
nesium alloy. Thus in the sewing machine 
with the gray iron arm, about 0.002 in. 
clearance was allowed in the 9-in. length 
between the supporting bearings for end 
play of the upper shaft. When the arm 
was changed to magnesium it was found 
necessary to increase this end play clear- 
ance by two to three thousandths inches 
because with only 0.002 in. clearance, a 
temperature rise of only 20 deg. F. caused 
enough expansion to bind the shaft. 

Another interesting experience was 
that it was found necessary to retighten 
some of the bolts and screws after the 
baking of the finish, which was at a tem- 
perature of about 300 deg. F. This loosen- 
ing was also caused by the higher coeffi- 
cient of expansion of the magnesium. 

The finishing operations consisted of 
Polishing the magnesium castings on a 
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wheel, an acid dip to slightly etch the 
surface of the castings, and then the ap- 
plication of the wrinkle finish and baking. 
A precaution must be observed with ref- 
erence to the buffing and polishing opera- 
tions. They should be done on wheels 
that will not be used later for steel, iron 
or any other metal that might spark. 
Magnesium dust is highly explosive,-~ 
“The complete-White Lightweight-Sew- 
master includes a carrying case of com- 
pact design. The operating features of 
the machine include forward and reverse 
stitching governed by a small shift lever 
which independently regulates stitch 
length for forward and reverse sewing, 
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numbered positive dial stitch length and 
tensiop controls, factory set and perma- 
eal nad timing, built-in light, rock- 
ing presser foot and all the special at- 
achments that go with the standard 
White sewing machine. 

This new White Lightweight Sewmaster 
is not a mere novelty as has been evi- 
denced by the unexpected response to its 
announcement. Its portability feature, 
without sacrifice of size, has made it ap- 
peal to not only people: living in small 
apartments but also to women travelling 
in trailers or who frequently vacation 
from home. For many months sales have 
run well ahead of production schedules. 





Solely through the use of magnesium in place of cast iron for the bedplate and arm, 
the weight of the standard size sewing machine was reduced about 13 lb. 











DISCUSSION OF CHAIN ACTION 


And Effects of Centrifugal Force on Chain Load 


R. C. BINDER, Assistant Professor; H. A. BOLZ, Instructor 


School of Mechanical Engineering, Purdue University 


HE ANALYSIS of roller and 
silent chain drives provokes a 
number of fundamental ques- 
tions; one is that of the distribution or 
transmission of forces. The article 
“Chain Drive Calculations” in the Janu- 
ary number of Propuct ENGINEERING 
discussed an interesting and important 
point about the role of centrifugal force. 
The following discussion gives a de- 
tailed analysis of the forces in the links 
and sprocket of a roller chain drive, 
treating further in a somewhat different 
fashion the effect of centrifugal force 
and its distribution. 


Forces in Links on Sprocket 


The late Prof. G. M. Bartlett, in an 
article, “A New Basis for the Rating of 
Roller Chain Drives,” which appeared 
in Trans. A.S.M.E., April, 1935, gave a 
short discussion of the forces acting on 
the links, but he did not include a de- 
tailed analysis of centrifugal force. 

Referring to Fig. 1, the driving 
sprocket is rotating counter-clockwise. 
The driving strand of the chain is mov- 
ing toward the sprocket. The roller A is 
just about to seat; it exerts no force on 
the sprocket tooth. Roller B, however, 
is completely seated; it bears on the 
sprocket tooth. 

It is not necessary to distinguish be- 
tween pin and roller links in consider- 
ing the link forces. An analysis of pin 


FORCES BETWEEN ROLLER 
CHAIN AND SPROCKET 





Fig. 1—Diagram of forces between roller 
chain and sprocket 
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bearing pressures, on the other hand, 
does involve a study of the differences 
between pin and roller links. 

Consider roller B as a free body, first 
neglecting centrifugal force. The tension 
T in the chain is equal to BM, and the 
link BC pulls on roller B with a force 
equal to BN. The sprocket tooth exerts 
a force on the roller at the pressure 
angle ø. These three forces are balanced 
in the manner as shown in Fig. 1 by the 
force diagram. 

Next, consider roller C as a free body, 
neglecting centrifugal force. Link BC 
pulls on roller C with the force BN. The 
sprocket tooth pushes on roller C and 
link CD pulls on roller C. These three 
forces are balanced in the force triangle 
shown in Fig. 2 (a). The force triangle 
for roller D is also shown. Note that the 
link forces decrease progressively from 
the driving strand to the non-driving 
strand. As an example, for the case shown 
in Fig. l, a force analysis for each suc- 
cessive roller indicates that the force in 
link GH is about two per cent of the force 
in link AB. For practical purposes this 
small force in link GH sometimes may 
be considered negligible. Although there 
is a progressive decrease in the link 
forces, it would be impossible for the 
force in any link on the sprocket to be- 
come zero with a pressure angle greater 
than zero. With a finite pressure angle 
other than zero, no one of the three forces 
on a roller can be zero without the other 


two forces being zero. A zero link force, 
then, could result only when the driving 
force T is zero. With a zero pressure 
angle, however, there may be a link in 
which the tension reduces to zero. 

If the chain speed is high enough to 
induce an appreciable centrifugal force, 
the effect may be indicated by studying 
further the forces acting on the rollers. 
Most of the mass of the chain is distrib- 
uted at the roller; it seems reasonable 
to study the centrifugal force effect of 
the moving curved chain by a series of 
equal radial forces acting at the roller 
centers. Each such centrifugal force is 
directly proportional to the mass, directly 
proportional to the square of the velocity, 
and inversely proportional to the radius 
of curvature. 


Effect of Centrifugal Force 


For the purpose of analysis, assume 
the same driving force 7, and assume 
that a centrifugal force vector is added 
to each of the rollers C, D, E, and F. 
Figs. 2(a) and 2(b) are drawn to the 
same scale, the force BN is the same in 
each figure; hence a direct comparison 
of force vectors can be made. Compar- 
ing Figs. 2(a) ad 2(b), the effect of cen- 
trifugal force on roller C is to increase 
the tension in link CD and to reduce 
the sprocket tooth reaction. The tension 
in link DE is greater with centrifugal 
force than without. Continuing pro- 


Centrifugal force 
Force in link COD 


` 


a - No Centrifugal Force 


b- With Centrifugal Force 


FORCES ACTING ON ROLLERS 





Fig. 2—Comparison of forces acting on the rollers of a chain with no centrifugal forces 


present and with centrifugal forces present 
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gressively, the tension in link GH is 
greater with centrifugal force than with- 
out. For the case illustrated in Figs. 1 
and 2, without centrifugal force the ten- 
sion in the non-driving strand is about 
0.027; with the centrifugal force shown, 
the tension in the non-driving strand is 
about 0.377. These numerical values do 
not apply to all chain drives, these values 
simply provide evidence of an effect. It 
may be, of course, that other features in 
the chain drive overshadow this effect of 
centrifugal force. The fact remains, how- 
ever, that centrifugal force does have a 
definite effect on the non-driving strand. 

A further effect may be observed by 
noting the forces acting on roller D in 
Fig. 2(b). The sprocket bearing force 
has decreased. A roller may be reached 
where the sprocket force is zero, in that 
case the tensions are equal in the links 
on each side of the roller. 

The above analysis is made for a sys- 
tem of rigid bodies, neglecting elastic de- 
formation and elongation, and conse- 
quently assuming a constant pressure 
angle. 

A further consideration of centrifugal 
force effects requires attention to chain 
friction, chain elongation, and to be- 
havior of the driving and non-driving 
strands between the sprockets. Sometimes 
analogies are drawn between chain drives 
and belt drives. Care must be exercised 
in making these analogies, for there are 
differences between belts and chains 
which may affect seriously an analysis. 

The following discusses one effect 
which is easily misunderstood unless 
carefully analyzed in detail. 


Forces on Hanging Chain 
One Sprocket 


In Fig. 3(a) is shown diagrammatically 
a sprocket rotating with a hanging chain. 
There is a question as to whether or 


not the chain would fly off the sprocket 
as a result of centrifugal force if the 
speed were high enough. 

The vertical force tending to lift the 
chain from the upper half of the sprocket 
is F,. 

Let W = chain weight, lb. per ft. 

V = linear chain velocity, ft. per 
min. 

v = linear chain velocity, ft. per 
sec. 


j 
| 


R = pitch radius of upper chain 
loop 


g = 32.2 ft. per sec. per sec. 


Referring to Fig. 3(b), the radial centri- 
fugal force on a small element is 


WRdd vè 


d « = ° 
F 5 R 





Note that the R’s cancel out; the cen- 
trifugal force is independent of the radius 
of curvature. Taking a vertical com- 
ponent, and integrating all such com- 


ponents over one half of the circle, there 
results 


we f7 2 We? 
F, = | &..< — antes 
g N g 


W V2 
= 57,960 lb. 

Assume that the chain has just left the 
sprocket, that is, the sprocket does not 
support any vertical load. F, acts ver- 
tically upwards on the chain. The chain 
weight acts vertically downward and is 
equal to WL, where L is the length of 
the chain. 

Furthermore, the lower loop of the 
chain gives rise to a resultant centrifugal 
force component Fp acting vertically 
downward; the lower loop may have a 
smaller radius of curvature than that 
over the pulley. The hanging portion of 
the chain is a catenary. Rigorous com- 
putations could be made for this catenary, 


FORCES ON HANGING CHAIN 





Fig. 3- Forces acting on a running chain suspended from its sprocket and the lower loop 


entirely free of restraint 
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but such computations would be open 
to question because of the kinking 
effects due to unflexing of the chain 
where the chain leaves the sprocket and 
where the chain moves from the lower 
loop up to the sprocket. 

At any rate, it seems difficult to con- 
ceive of Fp, as illustrated in Fig. 3(c), 
as being small in comparison with F,; 
Fp is probably of the same order of mag- 
nitude as F.. But to enable the chain 
to leave the sprocket, F. must be greater 
than the sum (WL + Fp). Consequently, 
it is highly improbable that the chain 
will be thrown from the sprocket at high 
speeds as a result of centrifugal force 
action alone. 

Further, it is of interest to note that 
the above effect is independent of the 
weight of chain per foot. The force Fp 
is of the same character as F.. The linear 
velocity is the same, the only difference 
being in the geometrical configuration. 
Fp can then be written as Fp = KF., 
where K is some non-dimensional coeff- 
cient of the order of magnitude of one. 
Then, if the chain is to leave the sprocket 


F. >F» +4 WL > KF. + WL 


WL 
P. > 7 


WV? WL 
57,%0 ? I-K 
Inspection of the last relation shows 
that the weight W cancels out and the 
effect is independent of W, the weight 
per foot of chain. 


Other Factors to Consider 


This discussion may be questioned on 
the basis of experience with belts. A 
clear space between belt and pelley on 
the driven pulley of a high speed belt 
drive may be observed. This space is due 
to belt stretch. 

One must be careful to avoid confusing 
centrifugal force with some other in- 
ertia force. If a belt is suddenly placed 
on a high speed pulley, the belt may 
be thrown from the pulley. This is due 
to a sudden impulse being given to the 
belt, somewhat different from a centrif- 
ugal force action. The belt may leave 
the pulley; after losing its momentum 
it will drop back on the pulley. A series 
of movements on and off the pulley may 
result. Care must be exercised in dis- 
tinguishing this action from a centrifugal 
force action. If a sprocket is brought up 
to speed gradually, and if the elastic 
stretch is negligible, there is a very grave 
doubt that the chain would ever be 
thrown from the sprocket by centrifugal 
force action alone. 

The authors are grateful to Professor 


E. S. Ault, head of the machine design 


department at Purdue University, for 
help in making this study. 
(Continued on next page) 
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Discussion of Chain Action (Continued) 


Comments by the Editor 


The above discussion of chain action 
by Professor Binder and Mr. Bolz is an 
excellent analysis of the forces acting 
on a chain running around a sprocket. 
But as they point out in their discussion, 
“It may be, of course, that other fea- 
tures in the chain drive overshadow 
this effect of centrifugal force. . . . The 
above analysis is made for a system of 
rigid bodies, neglecting elastic deforma- 
tion and consequently assuming a con- 
stant pressure angle.” 

In standard roller chains the clear- 
ance between the pins and bushings 
ranges from 0.001 in. for a %g-in. pitch 
chain to 0.002 in. for a l-in. pitch chain 
when new. Offsetting possible effect of 
this, minus tolerance is specified for the 
bottom diameters of cut sprockets, the 
positive tolerance of which being zero. 

It is possible that when the chain links 
seat in the sprocket the side plates 
are put under tension. Only under such 
a condition could the link BC exert a 
pull on the roller B. But the amount of 
elongation or elastic deformation in the 
side plates in order to exert a force 
such as BN, is extremely small. Assum- 
ing that the plates are stressed to 15.000 
lb. per sq.in., for an elastic modulus 
of 30.000.000 the elongation for a pitch 
of l in. would be only of the order of 
0.0005 in. Because the dimensional quan- 
tities involved are so small, and con- 
sidering the wear that takes place on 
both the chain and the sprocket teeth, 
it is hard to conceive how the distribu- 
tion of forces in a running chain would 
be comparable to that obtained by an 
analysis based on rigid bodies with no 





Fig. 1 


A chain on a toothless wheel spin- 
ning at 5,000 ft. per minute takes the 
form of a circle because of centrifugal 
force 
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clearances or elongations in the chain. 

However, in discussing the above 
analysis with Mr. N. C. Bremer, chief 
engineer of Morse Chain Company, whose 
discussion is given below, he stated that 
he cannot agree with my deductions, and 
I must confess that Mr. Bremer’s far 
greater experience lends a correspond- 
ingly greater value to his opinions. A 
definite and conclusive answer to this 
whole problem could be obtained by mak- 
ing a full scale model of a chain and 
sprocket rim out of photoelastic material 


and observing the action while running bs 
means of a stroboscope. This wouli 
clearly indicate the distribution of loa:} 
over the numbers of teeth and might al.» 
indicate the action of centrifugal fore... 

With reference to the action of cen- 
trifugal force tending to lift the chain 
off the sprocket, as the authors point 
out, “the centrifugal force is independent 
of the radius of curvature.” Hence F, 
must equal Fp, which also proves their 
conclusion. Mr. Bremer’s experiments as 
shown below bear this out beautifully, 
and also confirm the conclusions ex- 
pressed by Professor Binder and Mr. 
Bolz in the next to last paragraph of 
their discussion. 


Experiments Confirm Analysis 
N. C. BREMER, Morse Chain Company 


The discussion by R. C. Binder and 
H. A. Bolz seems to me to hit the nail 
squarely on the head. It confirms prac- 
tically everything that was stated in the 
article. The omission of any mention of 
the effect of centrifugal force on the 
driving strand bears out our contention 
that centrifugal force should not be con- 
sidered at all in the load calculations. 

As to effect of centrifugal force on 
the non-driving strand, we made no 
mention of this because with the silent 
chain design we are able to eliminate 
most of this effect. Furthermore, a cer- 
tain amount of centrifugal tension in the 
non-driving strand prevent 
shock-loading, in that the tension in the 
whole chain varies from a maximum to 
a minimum but never reaches zero. 

The action of centrifugal force is to 
transfer the working load to the “leav- 


serves to 





Fig. 2—The same chain running on a 
standard sprocket at 5,000 ft. per min. is 
constrained to a non-circular path 


ing” end of the driving sprocket and to 
the “entering”side of the driven sprocket. 
There can be a distribution of load over 
a great number of sprocket teeth, even 
though considerable pitch 
has developed. 

I sincerely hope that you will ma- 
terially endorse Prof. Binder’s paper 
because it seems to me that his analysis, 
in a technical manner, substantiates our 
more or less practical deductions. 

An experiment which will prove our 
contentions that the sprocket does ab- 
sorb most of the centrifugal tension is as 
follows: 

In Fig. 5 of the article “Chain Calcu- 
lations” which appeared in the January 
number of Propuct ENGINEERING we 
showed a chain draped around a sprocket 
and rotating so that the chain was given 
a linear velocity of 5,000 ft. per min. 
Much speculation has arisen as to just 
what would happen to the chain were it 
not for the sprocket teeth. To clear up 
any doubt about this subject I arranged 
an exhibit which turned out to be most 
interesting. We managed to get a loop 
of chain spinning at 5,000 ft. per min. 
on a wheel which had no teeth. Fig. 1 
shows the result of this clearly. 

It will be noticed that the loop of chain 
describes an almost perfect circle. 

On the other hand, Fig. 2 shows the 
same chain running at the same speed 
over a sprocket, and illustrates the re- 
straining effect of the sprocket teeth. No 
additional tension is necessary to main- 
tain traction; a working tension may be 
entirely substituted for centrifugal ten- 
sion in the straight strand. 

To get sufficient traction to overcome 
the fan effect of the chain shown by Fig. 
l, it was necessary to use a V-shaped 
pulley which engaged the sides of the 
chain. High sides were necessary to pre- 
vent the chain from jumping out while 
coming up to speed. The effective radius 
of pulley and sprocket are the same. 


elongation 
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RIGID FRAMES 


Detailed Procedure for Stress Calculations 


F THE TWO METHODS for cal- 
culating stresses in rigid frames 
—the theorem of least work and 
the grapho-analytical method, the latter 
is the simpler. The fundamental equa- 
tions involved in each of these methods 
are set forth in advanced textbooks such 
as Timoshenko’s “Strength of Materials” 
(D. Van Nostrand Company) and others. 
To clarify the procedure in the applica- 
tion of the equations, a step by step solu- 
tion of a typical practical problem solved 
by the simpler grapho-analytical method 
is given here. A truck side frame has 
been selected for the illustrative ex- 
ample but the method is equally applic- 
able to any similar framed structure. 
The basic equations in the grapho- 
analytical method are derived from the 
fact that the angle of rotation of the 
ends of a simply supported beam is equal 
to the reactions at the supports caused 
by an imaginary loading, divided by the 
flexural rigidity, EJ, of the beam. The 
imaginary loading must be such as would 
be represented by the bending moment 
diagram. Fig. 1 illustrates this. The 
bending moment diagram for a simple 
beam is a triangle. Maximum moment 
is at the center of the beam and is equal 
to PL 4. Calling the area of this bending 
moment diagram the imaginary load, we 
find that the total (area) load is equal 
PL/4 x L/2 = PL’/8 and hence the re- 
action of each support will be equal to 


PL*/8 x 2 or PL*/16. 





pit 
oa 


Fig. 1—The angle of rotation at the sup- 
ports of a simple beam is equal to the 
reaction that would be obtained if the 
eam were given an imaginary loading 
that could be represented by the bending 
moment diagram divided by EI of beam 


As explained in Timoshenko’s 
“Strength of Materials,” Part I, page 159 
(Equation (123) with c made equal to 
L/2) the angle of rotation of the end 
of the beam will be 


PL? 


0 = 6E 
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Applying this theory to a loaded frame 
such as shown in Fig. 2, we have the 
condition that because of the rigid joints 
the angles of rotation at any corner must 





| Mb 


Fig. 2—Bending moment diagrams for a 
rigid frame subjected to the concentrated 
loads P acting at the mid points of oppo- 
site sides 


be equal for both of the members that 
form the corner. Thus, in Fig. 3 the 
angle of rotation of member AB at B 
must be equal to the angle of rotation 
of member DB at B. Therefore, in the 
solution of the problem we can assume 
that the frame has been cut at the corners 
and each of the members is subjected to 
couples M as shown, the members AB 
and BD behaving as simply supported 
beams. 


Fig. 3—Cutting the - B 


frame at the cor- 
ners and applying 
the couples M re- 
duces the problem 
to the considera- 
tion of the bend- 
ing of equivalent 
simply supported 
beams 


Aa 
D 
v 


Aaa 


[ 


zh 


Thus, the angle of rotation 6 of the 
end of the bar BD, as caused by the load 
P, is 

Pr 


16 EI 


The couple M, turning the bar BD in 
the opposite direction, reduces this 
angle by 

Mh 
2QEI 

The angle produced by M at the ends 
of the bar AB equals 


ML 
2 El, 
and due to rigid frame corners 


ML _ PR _ Mh 
2 EL EI 2EI 


Solving for M, we get 


Ph 1 
ae -> (= LI z) 


This is the fundamental equation by 
which the moments can be calculated. 
The procedure will be illustrated by its 
application to the calculation of the 
bending moments in cast steel truck side 
frames for railroad cars. In general the 
procedure will be the same when analyz- 
ing any rigid frame such as in airplanes, 
truck bodies or machine frames. 


B C 


F E 


Fig. 4—Rigid frame subjected to loads 
P and P and supported at its end 


The outline of the truck frame sub- 
jected to two vertical loads, P and P is 
shown in Fig. 4. By cutting the frame at 
the corners BCEF and applying couples 
M and M,, Fig. 5, the problem will be 
reduced to the consideration of bending 
of the bars FE, BF and BC, The stiffen- 
ing effect of bars AB, AF and DC, DE, 
Fig. 4, on the frame BCEF, should be 
accounted for by increasing the moment 
of inertia of BF by adding to it the aver- 
age moment of inertia of AB and AF 
decreased in proportion to the length of 
the bar BF to the total length of the bar 
AB plus the length of the bar AF. Al- 
theugh this method of correcting for the 
stiffening effect of the bars AB and AF 
is not absolutely accurate, the inaccuracy 
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will be negligible. Expressed as an equa- 
tion, we have 


BF 
I of BF = hh aa apt bs (1) 
I =Increased moment of inertia of BF 
I,=Average moment of inertia of AB and AF 


I2= Actual average moment of inertia of BF 
Let 


I; denote the average moment of inertia of BC 
I, denote the average moment of inertia of FE 


We can now write the equations where- 

in the letters a, b, c, d and e refer to the 

dimensional quantities shown in Fig. 5. 

Pd Ma Mb Mib 

g d ) ee 

21e +? 318-318 61E 
Mb La Mib a Ma 
6IE 3IE 2E 


(2) 


(3) 


from which M and M, can be determined. 





Fig. 5—Imaginary loading diagram for the 
middle section of the truck side frame 


Considering an additional load P., act- 
ing at the center of the bar BF, Fig. 5, 
we get the general equations 


Pd Ma _ Mb Mib 
o1.b 4+ — 5738 = 378 ~ BIE 
Pw 
i6TE (4a) 
Mb = Mib = PP M,a (4b) 


61E 3IE 





Fig. 6—End section of the frame shown 
in Fig. 4 
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Fig. 7—-Cast steel truck side frame analyzed in the example 


Since the modulus of elasticity Æ can- 
cels out in the calculations of M and M,, 
a value of E = unity may be used and 
the work shortened. The last four of the 
above equations are good for the loading 
as shown in Fig. 4. For a different kind 
of loading, the first member of these 
equations should be changed accordingly. 

The couples M, and Ms, Fig. 6, acting 
on bars AF and AB, of the triangular 
part of the frame are equal to 











a 
I; e+? ; 
M = M (5) 
ha 
I. 
+a 
and 
a 
n TF? 
M; = M; e (6) 
1a 
h + e+f 


where J, denotes the actual average 
moment of inertia of AB and AF, and /, 
the actual average moment of inertia of 
BF. 

A numerical example will be given to 
illustrate the step by step and procedure 
in greater detail. 


Properties of Frame Section 
Shown in Fig. 7 . 





Sec. MIe-0 SMoe-e MlIy-y SMy-y AREA 


19.69 6.84 5.14 
32.08 9.88 6.53 
29.48 9.10 6.04 
64.73 12.95 10.53 
103.65 17.28 12.90 
24.93 8.65 6.02 


a-a 3.11 1.88 
b-b 6.51 3.57 
cc 2.40 1.55 
d-d 18.37 9.00 
e-e 44.69 15.15 
f-f 660 3.17 
a sus. 3545 





Length of members BF = 20.00 in. 
Length of members AB = 20.63 in. 
Length of members AF 


(Fig. 8) 


26 .25 in. 





The sum of average moment of inertia 


I, of AB and AF: 
_ 3.11 + 6.60 
ss 2 
The. increased average moment of inertia 


of BF, according to Equation (1) is 


4.86 X 20 
20.63 + 26.25 


Changing Equations (2) and (3) for 
3 P loads and solving for M and M,, we 
obtain 


I; = 4.86 in! 


I = 2.40 + = 4.48 in! 


Pd(d+e) , Pa 





21, 167, 
M, =o- —— e————S—S (7) 
a b 3 I a a 
L ETTE LI yA 
and 
Namis (8) 
Izb 
where, as shown in Fig. 8, 
P = 16,000 lb. 
c =4.375in. 
d =11.26in 
b =a = 20in 
I, = 31.53 in.* 
I; = 6.51 in.4 
I = 4.48 in’ 





Fig. 8—Outline of frame subjected to 
three equal vertical loads 


Substituting these values in Equations 
(7) and (8) 


Mı = + 4,600 Ib.-in. 
M = — 20,066 lb.-in. 
and from Equations (5) and (6) 
M: = — 10,863 lb.-in. 
M; = + 1,664 lb.-in. 
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Calculation of Bending Stresses 
from 3P Loads 
Bending Stresses in EF, Fig. 9 





M= 
0” ee eat -20066 lb. i Imn. 


Fig. 9—Imaginary loading diagram for the 


bottom chord EF of the truck side frame 


P = 16,000 lb. = 20,066 lb.-in. 


16,000 x 3 
9 


M, = 24,000 X 4.38 = 105,100 lb.-in. 

M, = 24,000 X 10 — 16,000 X 5.62 = 
150,080 lb.-in. 

M; = Ms — M = 130,014 lb.-in. 


Reactions E = F = 








= 24,000 lb. 


ni 








M; = M, — M = 85,934 lb.-in. 
Maximum bending stress 
20,06 
Sec. d-d — =— Soe = — 2,230 lb. 
me X per sq.in. 
Ms 85,0; 
Sec. 9-9 -7 — = as = 5,615 lb. 
iti 7 per sq.in. 
Sec. e—e w - = os = 8,600 lb. 
oes mee per sq.in 
Waas W o-o and W.-e being the moments 


of resistance of sections d-d, g-g and e-e 
respectively. 


Maximum Bending Stresses in BF, 
Fig. 10 





M - 

Fig. 10—Imaginary loading diagram for BF 
M = — 20,066 lb.-in. 
M, = 4,600 Ib.-in. 

M at See. c—c = M X 7.88 nez Mı X 10 

17 .88 17.88 
= — 6,232 lb.-in. 
Maximum bending stresses at sec. c-c 
Mi _ _ 6,232 


Woe = ~ Dae = — 4,020 Ib. per sq.in. 
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Maximum Bending Stresses in BC, 


Fig. 11 






b b 
din 
My UU 
+B 
b b 


Fig. 11 —Imaginary loading diagram for BC 
Mı = 4,660 lb.-in. 

Maximum bending stress at any sec. b-b 
M, 4, 660 


W.. ~ 3377 = 1,305 lb. per sq.in. 


Maximum Bending Stresses in AF, 
Fig. 12 





Fig. 12--Imaginary loading diagram for AF 
M2 = — 10,863 lb.-in. 
T 9 
Mi= IX _ 8,197 1b-in. 


Maximum bending stress at sec. f-—f 


ff 27 ; 
ro =r a a = — 2,564 lb. per sq.in. 


~J 


Maximum Bending Stress in AB, 
Fig. 13 





Fig. 13—Imaginary loading diagram for AB 


M’; = 1,664 Ib.-in. 


Mans m LE XS .. 1,200 ete. 
24 
Maximum bending stress at sec. a-a 
Musa ao 320 
| 1.88 








= 710 lb. per sq.in. 


Calculation of Bending Moments 

from Three Vertical Loads and 

Horizontal Load P, Acting on BF 
or CE, Fig. 14 


P = 16,000 lb. 

Pı = Bolster reaction, according to ARA 
manual = 7,750 lb. for 40 ton truck side 
frames. 


Changing equations (4a) and (4b) for 
3 loads and equal to P and solving for 





Fig. 14—Frame subjected to three vertical 
loads and a horizontal load acting on BF 


or CE 


M’ and M’ we obtain 











3 P; ab 3 Pi & 
reat + 16 I. + i61 
iie: 
a b 3æI a 
D'n RERNE 
ue , 3al _ 3Pib 
w = m (344 +2) 3 


Notations are as given in calculation of 
couples from 3 vertical loads. 
From which 


M’: = + 3,340 lb.-in. 
M’ = — 37,937 lb.-in. 
From Equations (5) and (6) 


Couple M’: = — 20,487 lb.-in. 
and M’; = + 1,193 lb.-in. 


Bending Stresses from 3 Vertical 

P Loads and Horizontal P, Load 

Maximum Bending Stresses in EF, 
Fig. 15 


M=-37937 p P M; P 
PET G 
5,625.62" 


Fh Ped sala” 


Fig. 15—Imaginary loading diagram for 
the member EF subjected to three ver- 
tical loads 













P = 16,000 lb. 
M = — 20,066 lb.-in. 
M'’'= — 37,937 lb.-in. 
Reactions from 3 P loads 
Bafa SEREAS paai 


> 


M, = 24,000 X 4.38 = 105,100 Ib.-in. 
M; = M, on M3 = 105,100 Sp 
(20,06 4. (37,937 — 20,066) =e) 
20 
= 71,078 lb.-in. 
= 24,000 X 10 — 16,000 X 5.62 
=150,080 lb.-in. 
M = Ms — Mz = 150,080 
(37,937 — 20,066) X 10 
20 
= 120,979 lb.-in. 


(x ,066 + 


Maximum bending stresses 


37 , 937 
9.00 


(Continued on next page) 


Sec. d—d — = — 4,216 lb. per sq.in. 
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See. g—g oa = 4,730 lb. per sq.in. 
20 , 975 h 
Sec. c—c -IE E = 7,960 lb. per sq.in. 


Maximum Bending Stress in BF, 
Fig. 16 


M’, = + 3,340 Ib-in. 

M’ = — 37,938 lb.-in. 

P, = 7,750 1b. 

M, = — 2 x 8.94 = 34,643 Ib-in. 
34,643 X 7.88 

Me. = ee 

37,938 X 7.85 3,340 X 10 
17.88 17.88 


= 15,700 lk-in. 





-— 17,88’ 
- 10" -+1e-7,88* 


, 


- 


Fig. 16—Imaginary loading diagram for BF 


Maximum bending stress in sec. c—c 


| 15,700 i 
MELE T T ele. 


W.. 1.55 


Maximum Bending Stress in BC, 


Fig. 17 
¿Mi aii 
mE Mı 


6 


Fig. 17—Imaginary loading diagram for BC 


M’ = 4,660 lb.-in. 
M’ı= 3,340 lb.-in. 


Maximum bending stress at corner C 


M; 4,660 ae i 
i 1,305 lb. per sq.in. 


I Il 


Maximum Bending Stress in AF, 


Fig. 18 





Fig. 18—Imaginary loading diagram for AF 


M’: = 20,487 lb.-in. 


15,400 _ 


My; 
ee ae = — 4,850 lb. per sq.in. 


Ke Sn 
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Maximum Bending Stress in AB, 
Fig. 19 





Fig. 19 —Imaginary loading diagram for AB 


M’; = 1,192 lb.-in. 





1,192 x 19 se y 
1.3 945 lb.-in. 
Maximum bending stress at sec. a—a 
_ 945 iii í 
To ecn" 505 lb. per sq.in. 


From Tables I and II we notice that a 
horizontal load P, acting on BF increases 
the bending stresses at section c-c and 
section d—d, and at section a—a, e—e and 
g-g the addition of the horizontal load 
reduces the stresses. 

The same general procedure as detailed 
above can be applied to the stress analysis 
of any rigid frame subjected to any num- 
ber of vertical and horizontal loads. It is 
of interest that an analysis such as above 
when checked against test results, 
showed an agreement within 10 per cent. 





This slight difference can readily be 
accounted for by irregularities in thick- 
nesses of the cast sections. 


Table I — Maximum Bending 
Stresses from Vertical Loads 





STRESS IN LB. 





SECTION PER. SQ. IN, 
a-a 710 
b-b 1.305 
c-c —4.020 
d-d —2.230 
e—e 8.600 
j-j —2.564 
g-g 5.615 





Table II — Maximum Bending 
Stresses from Combined Vertical 
and Horizontal Loads 





STRESS IN LB. 





SECTION PER. SQ. IN, 
a—a 505 
b-b 1.305 
c—-C 10.120 
d-d —4.216 
e—e 7.960 
f-f — 4.850 
g-g 4.730 








Clues from Crystals 


T ABSOLUTE ZERO, 460 deg. below 
Fahrenheit zero, theoretically all 
gases would become solid, all molecular 
motion would cease, and the atoms of 
metals after an extremely long time 
would align themselves in orderly array. 
In studying the elastic and electrical 
properties of metals, Dr. Sidney Siegel, 
of the Westinghouse Research Labora- 
tories, recently has simulated one of the 
effects of absolute zero by “growing” 
single crystals of a mixture of copper 
and gold, in which the atoms are ar- 
ranged in definite order. Such crystals, 
which have an electrical conductivity 
about twice as great as that of disor- 
dered crystals, are produced by an un- 
usual method of heat-treatment in a 
vacuum furnace. 

A crucible containing a mixture of 
about three atoms of copper to one atom 
of gold is lowered by a tungsten wire 
inside an alundum tube. The tube is sur- 
rounded by a coil of molybdenum wire. 
which is heated by direct current, and 
the entire unit is inclosed in a highly 
evacuated chamber. In approximately 4 
hours the metal is melted and solidified 
at a temperature of about 2,000 deg. At 
this point the temperature is lowered 
about 500 deg. and during the next 12 
hours the crystal is allowed to cool to 


room temperature. If the crystal were 
cooled rapidly, the atoms would arrange 
themselves in a disorderly manner. Dr. 
Siegel prevents this erratic formation by 
lowering the crucible slowly into the 
cooling chamber of the furnace in such 
a way that each plane of atoms is cooled 
successively under the same conditions. 
The resulting crystal is *% in. in diam. 
and varies in length from an inch or so 
to 4 in., depending upon the amount of 
material placed in the crucible. 

At room temperature, Dr. Siegel esti- 
mates, 90 per cent of the atoms are 
arranged neatly in alternate rows of 
copper and gold. but this order decreases 
as temperature is increased, and at 716 
deg. it disappears completely. 

Study of the electrical and elastic 
properties of these crystals may clarify 
the fundamental nature of interatomic 
forces that determine the properties of 
structural materials. Dr. Siegel believes 
that a workable theory of the “order- 
disorder” arrangement of atoms would 
help metallurgists to substitute exact 
knowledge for the usual trial-and-error 
methods of combining metals to produce 
alloys, for in principle all the properties 
of a metal should be calculable if only 
the position of its atoms and the forces 
acting between them were known. 
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PROPOSED PATENT LAWS 


N the February number of PRropuct 

ENGINEERING certain restrictions pro- 

posed by the Department of Justice 
on the right of an inventor to deal with 
his patent were considered. 

It is far from certain that any of these 
restrictions are needed. The testimony in- 
troduced by the Department of Justice 
before the Temporary National Eco- 
nomic Committee when fairly read 
seemed not to indicate material abuses 
of the patent system in the respects in- 
volved in the amendments proposed by 
the Department of Justice. In this con- 
nection it is to be noted that Senator 
King, a member of the Temporary Na- 
tional Economic Committee, has issued a 
statement indicating that he is unable 
to satisfy himself that these proposals 
of the Deparment of Justice should be 
enacted into law. 

What may be intended by the De- 
partment of Justice as a saving clause 
seems merely to throw uncertainty and 
hazard into the situation as a detriment 
to inciting to invention. It is proposed 
that in addition to the specific inhibitions 
it should be provided that if a license is 
granted it must be general and unre- 
stricted unless the patentee is prepared 
to demonstrate that a particular restric- 
tion, other than those already consid- 
ered, is necessary to promote science 
and useful arts. 

This seems to indicate that the De- 
partment of Justice has listed the re- 
strictions which it believes are harmful 
and then suggests that if anybody thinks 
of any other restrictions they shall also 
be held harmful unless the patentee can 
show that they are essential to promote 
science and useful arts. This means that 
anyone who includes a restriction in 
a license is presumed guilty unless he 
proves that he is innocent. He is given 
no criterion by which he can make such 
proof and he must go ahead entirely at 
his own hazard. Such uncertainty will 
not tend to induce one to seek a patent 
since by so doing he may merely be 
sticking his head into a noose by issuing 
a license, without any hint as to when 
or how or by whom the rope may be 
pulled. 

The Department of Justice also sug- 
gests that “it should be made unlawful 
for any person to whom a patent has 
been issued or who has in any other way 
acquired any patent or any interest in 
or right or license under a patent, to 
sell, lease, or otherwise dispose of any 
article produced or sold under such pat- 
ent or any such right or license on any 
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restriction condition of the kind” which 
cannot be inserted in a license under the 
patent itself; that is, as to price, produc- 
tion, use, or geographical area. This re- 
striction is no more necessary than, and 
in some respects may be as harmful as, 
the license restrictions proposed by the 
Department of Justice. 

In this connection it is interesting to 
note that there have recently been enacted 
in a number of States so-called “fair 
trade laws” which make it possible for 
a manufacturer who puts out goods 
under a trade mark to specify the price 
at which the goods shall be sold. These 
laws have been sustained by the Supreme 
Court. It will be remembered that goods 
manufactured under a trade mark need 
not be new, and may be goods already 
in ordinary commerce. It is surprising, 
therefore, to find the Department of 
Justice suggesting that it is improper to 
place similar restrictions on a patented 
article which is new and is introduced 
to the public only by way of the patent. 
especially when the restrictions can last 
only for the seventeen years of the life 
of the patent. Trade marks may last 
not for a limited period but for as long 
as a man continues in business. In some 
instances already trade mark owners have 
had a monopoly of their marks for over 
a century. Apparently even if it bears 
a trade mark the price of a patented de- 
vice would not be allowed to be fixed. 


Restrictions On Use 


The restriction or limitation on use 
seems generally to be acknowledged as 
economically right. The courts have re- 
cently sustained such limitations on 
copyrighted matter. Thus it is possible 
for one to sell a phonograph record con- 
taining copyrighted music and put on it 
a license precluding its use for broad- 
casting or precluding its use in a public 
place of amusement. Such restrictions are 
enforced by the courts and the bills in 
Congress rewriting the copyright Jaw 
contain specific provision for such lim- 
ited licenses of use of reproductions of 
copyrighted matter. There seems to be 
every reason for allowing the owner of 
a patent as much freedom in dealing with 
the patented device as is allowed the 
owner of a copyright in dealing with a 
copyrighted device. There seems to be 
little public support for this particular 
proposal of the Department of Justice. 

The Department of Justice also pro- 
poses to require all assignments and 
licenses under patents to be filed with 


the Federal Trade Commission and to 
be open to Government inspection. It 
might be better to have all evidence 
of title in the Patent Office. Terms of 
licenses may be confidential and prob- 
ably should not be made open to the 
public but it might be well, on the 
other hand, to give the public merely 
notice that there is a license or assign- 
ment of some sort so that a purchaser 
of a patent can know whether he can 
get a clear title. 

The Department of Justice would also 
prohibit a suit against a user or seller 
before suing the maker of an infringing 
device, saying such suits are sometimes 
brought only to destroy competition. 
Such a provision would have to be 
worked out in careful detail to avoid 
doing more harm than good. 

It may be admitted that sometimes 
suits are brought against shippers or 
dealers in order to scare them away 
from purchasing goods from a manufac- 
turer. This procedure may be a more 
direct way of compelling a manufac- 
turer to cease infringing a patent. Of 
course it is possible for the manufacturer 
to agree to defend suits brought against 
dealers and to pay any damages recov- 
ered. The Department of Justice seems 
to think this is an unreasonable proce- 
dure and wishes to relegate the patentee 
to a suit against the manufacturer. It 
may be, however, that a manufacturer 
does not mark his goods, so that it may 
be very difficult if not substantially im- 
possible for a patentee to learn who is 
the actual manufacturer. The only name 
appearing on the goods may be the name 
of the dealer and the dealer may refuse 
to reveal who is the manufacturer. In 
many instances the manufacturer is a 
fly-by-night corporation from whom no 
valuable money recovery can be obtained 
while the selling organization may be 
entirely responsible financially. Again it 
may be that the individual inventor will 
find it impossible to go to the necessary 
expense of suing a manufacturer whose 
plant is located across the continent, and 
it would seem reasonable to allow the 
patentee to sue the person who is tak- 
ing away his business by selling the 
device. 

A further Department of Justice pro- 
posal, to have the Government take title 
to any patent improperly sold or li- 
censed, seems to be open to more chance 
of abuse than is justified by the good it 
may do. 

These proposals are against licenses 
under individual patents. The problem 
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of owners of several patents combining 
to grant licenses is not considered but 
may be more harmful to the public. 

Senator O’Mahoney. Chairman of the 
Temporary National Economic Commit- 
tee. after reviewing the testimony. said: 

“The fact that patents are keystones 
in many very important industries has 
been brought home to us with great em- 
phasis. There is practically unanimous 
agreement among witnesses [before the 
Temporary National Economic Commit- 
tee] that Congress, by enactment of the 
Patent Law, has given this country a 
system far superior to that which exists 
in any other country.” Obviously the 
best system in the world, which has 
worked satisfactorily on the whole. 
should be tampered with very slowly and 
should not be wrecked. 

It may be that no effort will be made 
at once by the Department of Justice 
to procure such amendments to the pat- 
ent law. Many think these matters 
should be taken care of under the anti- 
trust laws and the Government has re- 
cently begun litigation against parties 
whose activities were disclosed before 
the Temporary National Economic Com- 
mittee. possibly to see how much the 
anti-trust laws will be interpreted to re- 


strict activities under patents. 


The Twenty-year Bill 


The Constitution authorizes patent pro- 
tection only for “limited times.” The 
statutes give a 17-year patent but this 
period has been greatly lengthened in 
some instances by delays in issuing the 
patent. It is therefore proposed in 
S. 2688, now in Congress, to limit the 
patent to 17 years from its issue or 20 
years from the application date, which- 
ever is shorter. Thus if an inventor 
keeps his application pending in the 
Patent Office for 5 years he will get a 
monopoly for only 15 years after issue 
of the This will penalize a 
dilatory applicant and free the invention 
for the public sooner. Long delays in 
granting patents form unnecessary haz- 
ards to industry, by creating uncertainty 
and confusion. Long pendency has the 
effect of creating undue congestion in the 
Patent Office to the detriment of those 
who desire prompt action on their own 
cases, and also increases the likelihood 
of interferences. 

Several changes in the law and Patent 
Office rules were made last year which 
may speed up applications somewhat but 
the need for this twenty-year bill remains. 

Sometimes delays are not due to the 
applicant but to an opponent in a con- 
test or to the Patent Office being behind 
with its work, but such cases are excep- 


patent. 


tional and possibly a few inventors 
should suffer rather than the whole 
public. The Patent Office delays may 


be made less if Congress passes another 
pending bill, H. R.6721, which has al- 
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ready passed the House of Representa- 
tives, providing for an increased perma- 
nent corps in the Patent Office to perfect 
the classification of the prior art so 
it can be more expeditiously searched. 
Better classification will also tend to 
better assure that no improper patents 
will be granted and will also make the 
great bulk of information in patents 
better available to the public for its edu- 
cation. This will certainly promote sci- 
ence and useful arts. 


One Court of Appeals 


The patent, being a grant of the Gov- 
ernment, is co-extensive with the juris- 
diction of the Government. It may be 
infringed in any part of the country and 
a suit for infringement of a patent may 
be brought in any United States District 
Court. The Federal judicial system con- 
sists of a number of trial courts having 
limited territorial jurisdiction. None of 
these covers more than one State, and 
many of them cover only part of a State. 
Direct appeals are not allowed to the 
Supreme Court in patent cases but ap- 
peals must be taken to the United States 
Circuit Courts of Appeals. The country 
is divided into ten judicial circuits, each 
limited in jurisdiction to a certain num- 
ber of States. 

If a patent infringement suit is 
brought in Massachusetts the appeal will 
be taken to the First Circuit Court of 
Appeals. The patent may be infringed 
by someone else in Ohio and an infringe- 
ment suit brought there will be appealed 
to the Sixth Circuit Court of Appeals. 
The attitude of the different Circuit 
Courts of Appeals towards patents is 
different and on the very same record 
and with the very same circumstances it 
is possible that the First Circuit Court 
of Appeals will hold the patent invalid 
or not infringed and the Sixth Circuit 
Court of Appeals will hold the patent 
valid and infringed. Thus the patent 
may be valid and good in one part of 
the United States and invalid and not 
good in another part of the United States. 
In most instances of this sort the Su- 
preme Court of the United States may 
grant a writ of certiorari and decide 
which of the Circuit Courts of Appeals 
is right. This, however, is expensive and 
may be long delayed and mueh dis- 
satisfaction has been expressed. 

It is proposed to establish a new Cir- 
cuit Court of Patent Appeals which will 
have jurisdiction throughout the United 
States but only of suits involving an 
issue under the patent laws. The bill, 
S. 2687, was introduced into the Senate 
last year and there were hearings before 
the Patents Committee as a result of 
which the bill was favorably reported to 
the Senate and it is now on the Senate 
Calendar awaiting action. 

The endeavor to get a single Court of 
Patent Appeals has been going on for 


upwards of forty years. Those in favor 
of such a Court point out that matters 
relating to patents are more or less tech- 
nical and different from other mattes 
and consequently may best be hand] d 
by a specially qualified court. They 
point out that it is desirable to have all 
patents considered by one court so. that 
there may not be a difference in attitude 
toward different patents or even toward 
the same patent in different suits. They 
point out that a final determination may 
be procured more promptly than at pres- 
ent, when it is necessary to get diverg- 
ing decisions of Circuit Courts. of Ap- 
peals and then have the matter finally 
determined by the Supreme Court. The 
single Court of Patent Appeals has been 
recommended by the Temporary Na- 
tional Economic Committee; the Presi- 
dent’s Science Advisory Board; the 
American Association for the Advance- 
ment of Science; the National Associa- 
tion of Manufacturers and by a good 
many other business associations. 

Nevertheless there is objection to such 
a court. Its opponents say that the Presi- 
dent is likely to make political appoint- 
ments to the court and the judges may 
therefore not be of the type in which 
confidence may be placed for deciding 
all the technical matters involved in 
patent litigation. The court will have its 
headquarters in Washington but the bill 
provides that it may move about the 
country and sit at suitable points as it 
desires but the opponents of the bill say 
it is but natural that the judges should 
sit in Washington only and require 
counsel throughout the country to come 
to Washington for all appeals. They also 
argue that no matter how good the 
judges on the court are they will in a 
short time become very narrow in their 
outlook because of having only one type 
of case before them. 


Too Many Patent Appeals 


A partial reply to this is that in 
patent litigation many incidental ques- 
tions come up. One opponent of the bill 
listed some score of legal issues not 
strictly patent law which might come 
before the court, which would seem to 
indicate that the court might not become 
narrow. It is urged that there are so 
many patent appeal cases at the present 
time handled by the ten Circuit Courts 
of Appeals that it would be impossible 
for a single court of appeals to handle 
them adequately. This objection might 
be increasingly valid if patent litigation 
increases with time. Indeed the existence 
of a single court of patent appeals might 
induce litigants to take more appeals 
than they do now to the divergent Circuit 
Courts of Appeals. 

A system which has operated to give 
us the mighty advance in science and art 
of the past century and a half should be 
tampered with very cautiously. 
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Official Photograph U. 8S. Army Air Corps 


Streamlined contours with formed transparent plastic sheet are placed around pilot’s and gunner’s positions in the fast Bell “Airacuda” 


TRANSPARENT PLASTICS 


Designs for Mounting Sheets 


GERALD P. YOUNG 


Aeronautical Representative, Röhm & Haas Company 


XPERIENCES with 
of transparent plastic 
such as the acrylic resins, in 

aircraft have emphasized the importance 
of certain fundamentals. The 
light weight, colorless transparency, and 
high impact strength of transparent 
plastics have recommended their use in 
aircraft since they were first made com- 
mercially available in 1936. Recently, 
however, new methods of installation 
have been devised to take advantage of 
the peculiar properties of this type of 
plastic and thereby to increase its use- 
fulness in aeronautical design, and point 
the way to increasing usefulness in other 
design fields. 

An examination of these properties 


installation 
sheet, 


design 
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will reveal a number of reasons why 
transparent plastic sheet material has so 
rapidly replaced glass in many applica- 
tions. For example, the specific gravity 
of Plexiglas, an acrylic resin widely 
used in aviation, is 1.18 to 1.19 as com- 
pared with approximately 2.5 for glass; 
and it is 91 per cent to 92 per cent effi- 
cient in transmitting light as compared 
with 88 per cent for glass. 

Moreover, it is thermoplastic and can, 
therefore, be shaped when heated. In 
this way two- and_ three-dimensional 
curved sections may be obtained for tur- 
ret and cockpit inclosures which more 
nearly conform to the streamlined design 
of the rest of the plane. Its high impact 
strength also obviates the necessity for 


cumbersome braces and supports which 
may obscure visibility. 

The transparent plastics are readily 
cut and machined with ordinary wood- 
working tools. As no fillers are added to 
these plastics, the tools keep their edge 
well. Flat pieces can be cut on a circular 
saw and, if this is done with a fine-tooth 
blade, no further finishing of the edges 
is needed. Edges which are exposed, 
however, can be polished after sanding 
by means of fine polishing paste and 
fabric buffing wheels. 

Beveled and routed edges can be cut 
with a joiner or router. Where holes are 
required, they can be drilled with the 
standard twist drill, but care must be 
exercised to avoid “grabbing” of the drill 
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and thereby tearing the hole. The twist 
drill should be ground at the cutting 
edge parallel to the axis of the drill to 
eliminate any lead it may have. Stand- 
ard woodbits made with a brad point are 
desirable for holes from %g in. to about 
l in. in diameter. Larger holes can be 
cut with a fly-cutter. 

Small notches can be cut along an edge 
by using a router or small coarse grind- 
ing head, and holding the piece so that 
the cut is made at right angles to the 
edge and in the plane of the sheet. If 
grinding is done at right angles to the 
sheet, it may chip and crack. 

The sheets of plastic should by all 
means be masked before any layout or 
cutting is attempted. If not masked 
when received from the manufacturer, a 
suitable masking may be prepared by 
cementing a sheet of soft paper to the 
surfaces with a water solution of gelatin 
or a rubber adhesive. The surface of 
Plexiglas is highly polished and, because 
of the extreme clarity of the plastic, will 
show slight surface scratches. A further 
advantage of masking is that it allows 
a layout to be drawn on the paper from 
a template, and, when the piece is not 
to be formed, it can continue to protect 


the surface until installation is complete. 

Frames for holding the transparent 
sections in place should take into account 
the size, shape, and service required of 
the window or inclosure. All flat sections 
and simple curved sections of less than 
45 deg. arc can generally be installed in 
channels without drilling holes through 
the material. Although landing-light 
covers may be curved to an are of more 
than 45 deg., they can also be set in 
simple channels. The sections are formed 
to follow the contour of the leading-edge 
of the wing. 

These channels can be strips of ex- 
truded metal or rubber section, or they 
can be fabricated from sheet metal with 
bolts or rivets holding the metal parts 
together. In either arrangement, there 
should be a layer of some packing mate- 
rial to make the joint water-tight. 

Where the section is fitted into an 
extruded metal section, a tight joint is 
dependent upon the uniformity of the 
sheet and of the width of the channel. 
With fabricated channels the joint is 
made tight by pressure at the bolt or 
rivet holes. Care must be taken not to 
produce high stress in the plastic at 
these points. Acrylic resin plastics are 


quite elastic, but if clamped too tight! 
the stress set up in the outer fibers wi’ 
produce fine cracks about the point « 
stress. These fine cracks, called crazin.. 
occur only on the surface, but they 
reduce transparency and undoubted), 
weaken the material. As shown in the 
sketches below a shoulder rivet or a 
metal tube spacer a few thousandths of 
an inch larger than the thickness of the 
sheet may be inserted in the hole in the 
plastic to protect it from direct pressure. 
The expansion coefficient of Plexiglas 
is 8x 10° in. per in. per deg. C. This 
means that a piece of material 10 in, 
long at 25 deg. C. would contract to 
9.948 in. at —40 deg. C. and expand to 
10.029 in. at 60 deg. C. If this absolute 
change in dimension were considered 
alone, it would be necessary to allow a 
plus clearance of 0.029 and a minus 
clearance of 0.052 in. But the channel 
material also expands and contracts. 
For example, the use of an aluminum 
alloy whose coefficient is 2.7x 10° re- 
duces needed clearance by one-third. 
When simple channels are used, the 
plastic can expand or contract by slip- 
page in the channels and, with small 
sections, it is also possible to hold one 
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(a)—Connection made by forcing a 
plastic sheet into an aluminum H-section, 
packing is a rubberized fabric. 


(b)—In thicker sections, where the 
edge of the sheet is beveled, a double- 
wedged top metal strip can be used, 
leaving the outer surface smooth. Base 
channel to which sheet is bolted is an 
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extruded T-section with cutouts in the 
web for the bolt and nut. 


(c)—Two sections of plastic sheet are 
mounted with formed sheet aluminum 
alloy channel and elastic stop nuts. These 
stop nuts are small rectangular blocks of 
aluminum alloy threaded in one direction 
and with two small holes for rivets at 
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right angles to the bolt hole. 
Plexiglas Elastic Stop Nuts, these were 
developed by the Douglas Company and 


were made by the Elastic Stop Nut 


Corporation. 
(d)—The use of spacers around each 


rivet prevents excessive clamping stresses 
being set up in the plastic sheet. 
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en fixed and allow for all the expan- 
sion at the other end. 

When the larger sections are used, 
however, more allowance should be made. 
A long narrow window 60 in. long at 
normal temperature, for example, would 
contract to 59.688 in. at —40 deg. C. 
and would expand to 60.174 in. at 60 deg. 
C. Under such conditions allowance may 
be made for expansion by holding the 
center of the long edge fast in position 
by a bolt and allowing each end to ex- 
tend freely in the supporting channel. 

Wherever the size of the section or 
design of the frame makes it necessary 
to drill holes through the plastic and bolt 
or rivet it to supporting members, the 
holes in the plastic must be oversize so 
as to allow some slight movement in the 
plastic relative to the metal frame. If the 
holes in the frame and in the plastic are 
drilled at the same time, the plastic 
should be removed and the holes re- 
drilled to the larger size. These over- 
size holes must be made concentric to 
the ones in the frame so that the bolt 
or rivet does not bind at one edge, caus- 
ing crazing or failure at these points. 

In sections of hemispherical shape 
similar to an airplane nose or gun tur- 


ret section, temperature changes will 
cause the spherical surface to expand as 
unsupported area. This expansion gives 
no trouble with pieces up to 40 in. in 
diameter, but it is important that the 
edge where the section is attached to the 
supporting frame allow for radial change 
by elongating the holes in the support- 
ing attachment. 

The aircraft industry requires that 
there be no corners on the outside of 
window installations to set up a parasite 
drag. One of the advantages of acrylic 
resin sheet is that the edges of the piece 
can be routed and set flush with the 
outside surface of the frame. Reinforce- 
ments, as shown in the sketches, per- 
mit routing the edges of thinner sheets 
in this type of installation. 

The proper sheet thickness for any 
application depends on the conditions 
to which it will be exposed, the size of 
the section, and the shape of the section. 
The thinner sheets 0.060 to 0.100 in. of 
acrylic resin, such as Plexiglas, are 
sufficiently strong for low-speed aircraft 
and gliders. Landing-light cover glasses 
are usually made from 0.150 in. to 0.180 
in. sheets, which are sufficiently thick 
to allow for a routed edge for a flush 
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(e)—Shoulder rivets can be used to 
mount two adjoining sections, or edge of 
one section of plastic sheet. This method 
requires that the hole in the top channel 
strip be of different size than the one 
in the bottom channel strip. This, with 
the shoulder on the rivet, prevents draw- 
ing the channel tightly against the sheet 
and allows for expansion or contraction. 
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(f)—Plastic sheets may be mounted at 
the edge section using a rubber grommet 
or bushing. The hole in the sheet is large 
enough to hold the grommet and the 
bolt passes through the center. The joint 
is not water-tight. 


(g) —By routing, the outer surface may 
be made flush to give an unbroken 













outer surface as described. Sections in 
high-speed aircraft, when less than 1 
sq.ft. in area, are usually of 0.120 in. 
sheet; but when the areas become larger, 
thicker materials are used. Curved wind- 
shield sections, for example, with a span 
of more than 20 in. should be 0.200 to 
0.250 in. Flat sheet for use as substitutes 
for laminated glass may be any thick- 
ness up to 1% in. to give the required 
impact strength and rigidity. 

A multi-section turret: may use 0.125 
in. material when, as indicated, the are 
does not exceed 45 deg. These sections 
may often be subjected to the internal 
pressure due to air flow over their sur- 
face, and, if formed on too long an are, 
may be sucked out of their channel un- 
less riveted or bolted in place. 

These methods of installation by no 
means exhaust the possibilities, but may 
serve as a guide to future consideration 
of the problem. Such consideration is 
more than justified, for installations 
which take advantage of the material’s 
properties as a thermoplastic, even 
though it may be serving the purpose of 
silicate glass, will pay dividends in 
longer, more satisfactory service under 
a wide variety of conditions. 
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smooth surface that will have a minimum 
of air resistance. This can also be 
applied to cars. 


(h)—A routed section with a cemented 
reinforcement strip along the inside edge 
permits the section to be installed as a 
window from the inside with the outer 
surface flush. 
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Fig. 1—Rectangular treadle A is pinned 
to a round rod which can be clamped at 
variable heights in the foot lever. The end 
of the foot lever is drilled, tapped and then 
slotted as shown to obtain clamp. 


Fig. 2—Tread pad D and 
pivot casting B are parts of 
an adjustable treadle de- 
signed to accommodate long 
or short-legged operators, 
and which can be adjusted 
in reference to the machine 
to suit operator’s conveni- 
ence. Lever arm is round 
stock bent into a U-form, 
the two legs of which pass 
through the holes A-A in 
the tread pad bosses and 
also through the holes in the 
two pivot castings B. 














~ Cross Section 
at X-X 


Fig. 4—Casting A is fastened to pivot shaft with 
a taper pin. The bosses B and C on casting A 
have cored rectangular holes through which the 
pedal extension lever can slide, set screws fasten 
the lever in the desired position. 
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Fig. 3—In this arrangement, two cast iron levers 4 
are positioned on a square shaft by set screws. On the 
outer ends of levers A a board B is fastened by car- 
riage bolts C. Board B runs the width or the length of 
the machine. To avoid interference with other machine 
parts there is mounted slidably upon the square shaft, 
between the levers A, a cast iron arm D into which is 
driven a round rod. A weight E on the rod can be fixed 
at a suitable position to secure counterbalance. 











FIG.3 





Fig. 5—Adjustable foot pad for round lever rods. The pad is 
slightly curved for operator convenience. As illustrated the foot 
pad can be rotated on the rod to obtain position desired. To keep 
the face of the pad parallel with the floor a flat can be milled on 
the rod for the set screw to bear against. 
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\\ ] HEN choosing and designing TOON OOD 
any form of pedal arrangement, ay K/A 

the designer should take into considera- YY NN 

tion a number of factors such as: should Y NN j 

the treadle pad accommodate a man’s or Py X 
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a woman’s shoe, does the operator stand 





or sit while operating the machine, is an B A 
additional foot pad desirable for the “at- x 
rest” position to lessen fatigue, should Section X-X 


the pedal level be close-coupled, or ad- 
justable for various operating positions. 
Whether the parts should be cast or 
fabricated and welded depends largely 
on the quantity needed and production 
facilities. 


Fig. 6—Lever of rectangular section is notched on lower side with a 
series of semi-circular slots. Pin B is driven into the side flanges of the 
foot pad C. By lifting and sliding the outer end of the foot pad, it can 
be moved so that pin B will lock with any selected notch. 
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Fig. 8—An adjusting arrangement for a 
lever similar to that shown in Fig. 10. 
Forward and backward positioning is 
made by sliding the foot lever along 
the cast slot A in block B and bolting. 
Fig. 7—A treadle designed to hang from the 
mechanism it actuates so that the arm is vertical in 
the idle position. At the knee behind the tread pad 
the section as shown at A is flared in order to 
increase the weight and to assure a gravity return. 
In this design there are no drilled or cored holes, 
neither is there any need for springs, pins or screws. 
FEES OR Ne SSR £ T 
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Fig. 9—Foot lever made of rectangular bar stock, Fig. 10.—Operating extension lever, which connects with the 
drilled and tapped at suitable intervals for position tripping or the clutching mechanism, is notched with angular 
) tread pad. The cast iron tread has a flange at right steps A. In order to secure desired leverage the cast iron block 
angles through which a tap bolt passes and engages B can be fixed on any step by locking set screw. Slot C accom- 
one oi the tapped holes in bar. modates the foot lever proper which is adjustable lengthwise. 
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Effect of Temperature on Resistance 


of Copper Wire in Magnet Coils 


To the Editor: 


In the series of articles on “Magnet 
Coils” by Mr. Graham Lee Moses on page 
48 of the January Propuct ENGINEERING 
he cites the well-known formula for the 
variation of resistance of copper wire 
with temperature 

R T + 234.5 

r ¢ +2345 
In this R and r are hot and cold resist- 
ances at 7 and t, the respective tempera- 
tures in Centigrade degrees. 

The writer has made a very conveni- 
ent monogram or double Z-chart for the 
solution of this equation, in which any 


Dotted secants show 150 
that a copper wire 
having a cold resist- 
2 ance of 100 ohms 
at 20°C. will havea 
hot resistance of 
116 ohms at 60°C. 
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pair of computing secants intersecting on 
the inclined pivot scale cuts out four val- 
ues of the variables that satisfy the equa- 
tion. Thus any three may be assumed and 
the fourth found. The dotted secants show 
that a 40 deg. rise from 20 deg. on a 
100-ohm resistance increases it to 116 
ohms (or more accurately 115.7 ohms). 

However, equal rises do not produce 
equal resistance increments. It will be 
found that a 40 deg. rise, starting at 0 
deg. on a 100-ohm resistance, will in- 
crease it to 117.0 ohms, while the same 
rise from 140 deg. will only increase it 
to 110.5 ohms. This feature may be seen 
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from the equation, which is hyperbolic in 
form; also from the computing secants 
themselves. Of course the resistance scales 
may represent any multiple of 10. This 
equation probably follows the actual law 
over a large variation of temperature, 
and is particularly applicable to coils 
with the new fabric glass insulation 
which may be operated at quite high 
temperatures, 

Another formula giving results prac- 
tically identical, but over a more re- 
stricted range, is often used, viz: 

R =r [1 + 0.00393 (T — t)] 
This is a rectilinear law, stating that the 
resistance increases 0.393 per cent for 
each degree Centigrade rise. For 40 deg. 
rise, the 100-ohm_ resistance would 
thereby increase to 115.7 ohms, starting 
at any cold resistance whatever, which is 
the same result as from the nomogram 
formula starting at 20 degrees Centi- 
grade. —Carvt P. Nacuop 

Nachod & United States Signal Co. 


To the Editor: 

In the February 1939 issue of PRopuct 
ENGINEERING, pages 85 and 86, there is an 
article on heat effects on magnet coils by 
Mr. Graham Lee Moses of Westinghouse 
Electric & Manufacturing Company. In 
Fig. 2 of this article is a set of curves 
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EFFECT OF TEMPERATURE — 
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showing the effect of temperature on the 
resistance of copper at various ambient 
temperatures. 

After checking these curves and thie 
formulas included in the article, froin 
which they were plotted, we believe that 
the curves for 0 deg. C. ambient and 50 
deg. C. ambient should be interchanged. 

Also these curves do not directly take 
care of the condition where the initial or 
reference temperature of the copper is 
different from the ambient temperature. 

We have prepared a set of curves to 
serve the purpose of the curves which you 
published, based on initial or reference 
temperatures and plotted by use of the 
same basic formulas used by Mr. Moses. 
In using these curves we measure the ini- 
tial or reference temperature and the cor- 
responding resistance and the final resist- 
ance. The percentage increase in resist- 
ance is then computed, the corresponding 
rise is read directly from the curves, and 
the rise added to the initial temperature to 
get the final temperature. The rise above 
ambient is then found by subtracting the 
ambient from the final temperature. 

A. V. SMITH 
Homelite Corporation 
To the Editor: 

Thanks for Mr. A. V. Smith’s letter 
calling my attention to the error in my 
article in the February 1939 issue of 
Propuct ENGINEERING. He is quite right. 
By a clerical error the 50 deg. ambient 
and 0 deg. ambient curves are inter- 
changed. Mr. Smith’s curve is correct. 
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My reference to ambient temperature 
is based on the assumption that, when 
the resistance of apparatus is measured, 
it is at ambient temperature. I agree 
that where “reference” and “ambient” 
temperatures are not identical this should 
be clearly distinguished. We find it use- 
ful to correct observed cold resistance 
values to a common base. For our pur- 
poses we use 25 deg C. (77 deg. F.) be- 
cause it so closely corresponds to our 
factory and laboratory ambient tempera- 
ture. Thus you see we actually only use 
the 25 deg. C. curve. 

A simple. quick, and accurate method 
of changing resistance values from one 
temperature to another or determining 
temperature by resistance using a slide 
rule is as follows. On both the slide rule 
setting is the same, the only difference 
being the mental approach. 

To determinine per cent resistance 
change because of temperature: Divide 1 
by (234.5 + T) where T is the reference 
temperature Centigrade at which the cold 
resistance is known, the quotient is of 
course the temperature coefficient of re- 
sistance. Multiply the quotient by the 
rise by resistance to determine the per- 
centage change caused by temperature. 
This is a simple slide rule operation. 

To determine the temperature rise by 
resistance: Divide 1 by (234.5 + T). 
Then determine the multiplier which will 
give the product equal to the percentage 
resistance change. This multiplier is the 
rise by resistance—GRAHAM LEE MOsEs 
Westinghouse Electric & Mfg. Company 


Relative Opening 
of Circular Orifices 
To the Editor: 


The chart in the Figure gives ratio 
of the area of opening of circular ori- 
fices to the area of same relating to 
certain shifting S of the disk or plate 
having rounded R,, or straight R.=0, 
working edges. The fundamental for- 
mulas for determining area ratio K are 
written as follows: 

With upper position of the working edge 


of the disk: 


K # B = sin 28 i R: i a = sin 2a 
180 27 Rı 180 2r 


With lower position of the working 
edge: 
i B sin 28 
K=1- — - 
180 2r 
L{ ® i +. sin 2a 
Rı 180 2r 
AÆ£+nr-l 
Cos 8 = —~—— ; 
” 2An 
i i S Ry 
in which A = — -l;n= > 
VNC R, T R n R, 
Example: Determine the opening area 


of 6 in. gate valve corresponding to 11% 
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in. shifting of gate. From the point in 
the bottom scale designating 


S 1.5 a 
= = = = 0.25 
2h; 6 
i Ri . 
trace vertically to the curves R The 
tı 
points of intersections thus obtained 


will indicate on the vertical scale corre- 
sponding values of K equal to 0.2, 0.238, 


i i . R 
0.265 and 0.312 at respective ratio E 
1 

equal to 00, 2, 1.25 and 1. Opening 
areas will then be 5.66. 6.73, 7.5 and 


8.83 square inches. 
—Victor TATARINOFF 


Corrections in Cam Rise 
and Fall Formula 


To the Editor: 


The article “Simplified Formula for 
Cam Rise and Fall” which appeared in 
the Question and Comment section of 
the February number of Propuct Enci- 
NEERING, as presented contains errors 
which I hasten to call to your attention. 

At the end of the third paragraph the 
equation for E, perhaps for the sake of 
clarity should have designated E,,,,,, since 
the equation is for the maximum value. 

In the middle of the fifth paragraph, 
first column, the phrase “remaining on 
the line contacting their centers” should 
be “remaining on the line connecting 
their centers.” 

An error which might seriously mis- 
lead a reader occurs at the beginning of 
the first column. The paragraph as 
printed starts, “The angle @ on the dia- 
gram ...”, this should read “the angle 6 
on the diagram... .” 

In reference to the last paragraph the 
“short-cut” formulas for which so small 
an error is claimed are Equations (6) 
and (7), not Equation (1) as stated. 
Equation (1) introduces a much greater 
error. If R = A/10, the maximum error 








equals R°/2A — R/20, or 0.05R, a value 
4,000 times as great as the maximum 
error when the short-cut Equations (6) 
and (7) are used. As mentioned just 
above the last paragraph, Equations (6) 
and (7) are derived from Equations (2) 
and (3) for the purpose of shortening 
the work. 
Last and least, you omitted the final 
“s” from my name under the title. 
—H. A. Bowers 


Mariemont, Ohio 


| Editor’s Note—Our sincere apologies to 
Mr. Bowers for misspelling his name. 
The errors are all ours. We sincerely 
thank Mr. Bowers for calling the errors 
to our attention. ] 


More On Dampers 
To the Editor: 


Two dampers have been developed by 
the aircraft engine industry which should 
be of general interest. Patents on these 
were issued probably too late to be in- 
cluded in D. Gerdan’s article in January 
and February, 1940, Propuct ENGINEER- 
ING. 

W. G. Lundquist (Patent No. 2,172,- 
741) has arranged the parts of the 
damper so that the torsional vibration is 
suppressed at the crankpin, the point of 
application of the vibration loads, thus 
practically eliminating stress fluctuation 
in the crankcheek. Annular rings fitted to 
the crankpin on each side of the connect- 
ing rod act as tracks for two annular 
damping elements. 

With the crankshaft rotating at normal 
speed the disks will be thrown out from 
the crankpin. They will lag rotationally 
when a torsional impulse is transmitted 
to the crankpin. Centrifugal force will re- 
store them toward a radial position when 
the impulse is relieved. In doing so the 
disks will overrun the radial position thus 
providing a torsional impulse opposite in 


k=ratio of shaded area 
to the area of circle 


















phase to that of the original impulse. 
A damper which uses a liquid such as 
mercury instead of a pendulous weight 
has been patented by W. L. Fischer 
(Patent No. 2,180,351). 
The mercury and its cartridge are ar- 
ranged according to the basic formula 
R’ 
L= — 
H? 
where L is the distance of the center of 
gravity of mercury from the center of the 
cavity, R’ is the distance from axis of ro- 
tation of the shaft to the center of the 
cavity and H is the number of vibrations 
per revolution to be suppressed. 
—S. KALAGAIN 
Chicago, Ill. 


Chain or Cable Crowd 
To the Editor: 


I have looked over the road show sec- 
tion of the recent issue of PRODUCT 
ENGINEERING and I am a little surprised 
at the editorial statement on the bottom 
of page 85 in regard to the chain crowd 
of the Bay City Company of Michigan. 

For your general information the 
Northwest Engineering Company has 
used a cable crowd during its entire 
manufacture, covering almost twenty 
years. The Bucyrus-Erie Company on its 
larger machines from four years and up 
have used nothing but a cable crowd. 

The chain crowd has a great many bad 


features. 1 think that a publication makes 
a mistake from an editorial policy stand- 
point when it makes sweeping state- 
ments that are odious comparisons and 
are not supported by facts. It seem- to 
me that editorial ethics have been 
violated. —R.T.G. 

Chicago, Ill, 


| Editor’s Note: We must plead guilty to 
the charge of violating editorial ethics 
and making sweeping comparisons. As 
implied above, the question of the rela- 
tive merits of chain crowd versus cable 
crowd will be affected by the size and 
type of shovel. Each has its points of 
superiority and also its disadvantages; 
both have been found satisfactory. | 





Can You Work This One? 


This month’s problem— 


Honest Monkey 


Legend has it that five sailors and a 
monkey were shipwrecked on an island 
and spent the day gathering cocoanuts 
which they threw into a large pile and 
agreed to divide evenly the next morn- 
ing. They were suspicious of each other, 
however, so first one stole away from 
his comrades and divided the big pile 
into five equal piles and had one cocoa- 
nut left over which he saved for the 
monkey. He then hid one of the five 
piles away and pushed the other four 
together, including the one for the mon- 
key. Shortly afterwards a second sailor 
came out, divided the remaining large 
pile into five piles, had one cocoanut left 
over which he also saved for the monkey. 
Then he hid one of the piles and pushed 
the other four together, with the one for 
the monkey included. Each one of the 
three remaining sailors did exactly the 
same thing, and when morning came it 
was found that the remaining pile could 
be divided evenly among the five. What 
is the least number of cocoanuts there 
could have been in the original pile? 


Solution to February problem— 


A Matter of Course 


Should the merchantman attempt to 
turn about and retrace his 
course, the captain of the gunboat to 
make a catch decided to hold his speed 
of 25 mi. per hr. and to keep on his 
course in line with the spot M, 5 mi. 
away. where the fog intercepted his view 
of the merchantman, which the gunboat 
captain assumed would maintain a speed 
of 15 mi. per hr. on some straight line 
course from M radially. 


previous 


134 


H. E. SMITH 





The gunboat captain divided the dis- 
tance GM, 5 mi., into two parts propor- 
tional to the speed of the two boats, such 


that 





25 
GA = 15 + 25 X 5 = 3% mi. 
MA = ss xX 5 = 17% mi. 


Now assuming that the merchantman 
did not take the course from M to A, 
the gunboat captain knew from their 
respective speeds that the merchantman 
would be at some point 1% mi. radial 
distance from M. The gunboat captain on 
arriving at A changed his course to a 
curve which would cut all radii from M 
to his future consecutive positions at a 
constant angle B, such that the length of 
the course from A to any position on his 
curve would be 25/15 of the radial dis- 
tance from MQA circle. 

Being a good navigator, the gunboat 





captain was also a good mathematician, 
he knew from these conditions that his 
course would be a logarithmic spiral fol- 
lowing the polar equation 

r= ae™ (1) 
in which a is the value of r when a = 0, 
k is the cotangent of the constant angle 8, 
and that the curvilinear length between 
any two points on the spiral would be 
(r,— ro) /cos 8. In order to catch the 
merchantman, the gunboat’s time to sail 
the curvilinear distance (r;— ro) /cos6 
must equal the merchantman’s time to 
sail the radial distance (rı — ro). There- 
fore solving 

25 
X ī5 
the gunboat captain calculated the value 
of cos B to be 0.60000, or B to equal 53 
deg. 7 min. 19/24 sec. (that is, if he 
used the same set of trig tables that the 
writer owns) and plotted his course ac- 
cordingly. The gun boat captain being a 
self confident chap: stopped calculating 
here and made for his prey. 

If any reader is still interested and 
would like to plot the curve for a revolu- 
tion or so, here is the rest of the data. 

Putting Equation 1 in logarithmic 
form, it becomes 


(r — 1%) 


= (r — 1%) / cos B 


= log a + log e** 

= log a + ka log e (2) 
in which when a = 0, r = 1% mi., and 
from Equation (2) 


logr = loga + o 
or a=r=1%mi., log 1% = 0.27300 
Since k is the cotangent of 8, its value 
0.7500 can be found from trig tables. 
e = 2.71828, log e = 0.434294 


Substituting these values in Equation 
2, the polar equation for the gunboat’s 
course expressed in logarithmic form, 
with a in radians is 

log r = 0.27300 + a X 0.3257205 
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America’s Modern Pioneers Honored 


Celebration marking 150th anniversary of the founding of American 
Patent System honors Heroes of Industry’s workshops and laboratories 


NLIMAXING a study that began last 
C July, scrolls of honor were awarded 
during the month of February to ap- 
proximately 500 Heroes of Industry’s 
workshops and laboratories throughout 
the nation at a series of regional ban- 
quets, and Modern Pioneer plaques for 
national recognition were presented to 
nineteen inventors and research work- 
ers at a national celebration banquet 
on February 27 held in New York City. 

Those honored were selected by a 
group of eminent scientists from among 
more than 1,000 nominees as the na- 
tion’s outstanding creators of new 
products, new industries and new jobs 
during the last quarter century. They 
were judged by the committee on the 
merits of their inventions and discov- 
eries as factors in the nation’s prog- 
ress and as contributions to the Amer- 
ican standard of living. 

Civic and trade groups and industrial 
associations sponsored the programs in 
the 14 regional areas. The national 
program celebrated in New York was 
sponsored by the National Association 
of Manufacturers. Leaders in the field 


of science, industry and government 
participated in honoring those desig- 


nated for national konors. The program 
was broadcast on a coast-to-coast radio 
hook-up. 

The National Association of Manufac- 
turers, accepting its responsibility to 
preserve and improve the private enter- 
prise system in this country, joined with 
industrialists, inventors, scientists, indus- 
trial associations and the patent bar in 
sponsoring the nation-wide “Modern Pio- 
neers Celebration,” to mark the 150th 
anniversary of the founding of the Amer- 
ican Patent System and to focus public 
attention upon the vital importance of 
the patent system to American progress. 

Among those who received national 
awards are: Dr. Leo Hendrik Baekeland, 
one of the founders of the plastics indus- 
try; Willis Haviland Carrier, a pioneer 
in the field of air conditioning; William 
David Coolidge, inventor of ductile tung- 
sten who has made inestimable contribu- 
tions to electrical engineering, medicine 
and radiology; Dr. Lee de Forest, a 
pioneer in the development of wireless 
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telegraphy in America; Henry Ford. 
through his genius in mass production 
has made automobiles available to mil- 
lions of American families; Charles 
Franklin Kettering, for his many inven- 
tions in the fields of electric starting 
of automobiles, refrigeration units, and 
farm lighting; Dr. Irving Langmuir, in- 
ventor of the gas filled electric lamp: 
John B. Tytus, for work done in the 
development of the cold process of roll- 
ing steel; Orville Wright, who with his 
brother was the first successfully to fly 
an airplane; and inventors of Nylon, ten 
men who produced a synthetic fabric to 
take the place of silk. 


Light Armor Plate 


NE of the latest developments in the 

application of steel to wartime pur- 
poses is the use of light armor plate for 
the protection of airplane pilots from 
machine gun and anti-aircraft fire, 
according to the Jessop Steel Co., who 
report that they have just completed 
shipment on a large number of sets of 
armor plate to be installed in the cock- 





pits of combat planes. Two sets of these 
armor plates are shown in the accom- 
panying illustration. These pieces are so 
placed as to afford protection to fire 


from below and from the rear. 

In order to procure maximum ballistic 
resistance to penetration, the armor 
plate is specially heat-treated. As a result, 
it is possible to use a comparatively thin 
gage steel and thus reduce weight of the 
pieces to a minimum, while fully pro- 
tecting the pilot. Sheets and plates can 
be furnished which will withstand 0.38 
and 0.45 calibre pistol and sub-machine 
gun bullets, as well as 0.30 calibre 
Springfield rifle fire. 


New Steel Process 
N NO BRANCH of metal fabrication 


has more effort been made than in 
that of combining the new and expensive 
“stainless steels” with the cheaper and 
stronger carbon steels. Considerable 
progress has been made and many diff- 
culties have been overcome in the pro- 
duction of stainless clad materials. One 
method consists of heating slabs of the 
two metals in contact and then rolling 
or forging the combination. A second 
method is that of pouring the liquid melt 
of carbon steel around a solid section of 
stainless steel. A third method has been 
to build up a series of thick overlapping 
beads of stainless steel weld rod deposit 


Thin gage armor plate for installation in the cockpits of combat planes 





on a carbon steel backing. then machin- 
ing the surface and rolling the combina- 
tion to finished size. Success has also 
been achieved by the method of placing 
a thin sheet of stainless steel upon a steel 
plate of proper thickness and then spot 
welding them together on close centers 
by electrical resistance methods. 

Robert K. Hopkins, director of metal- 
lurgical research for the M. W. Kellogg 
Co. of Jersey City, N. J., 
that in order to obtain a material that 
would fulfill the requirements of the 


was convinced 


petroleum industry for pressure vessels, 
it would be necessary to depart radically 
from all previously conceived methods 
and that the desired result could be 
accomplished only by the development 
of a new melting technique. Research 
was started and a thorough investiga- 
tion was made of all known melting 
processes. 

After intensive investigation, a special 
type of electric arc melting furnace was 
designed and constructed in which the 
melting operation could be carried on 
and the final product could be inter- 
melted with any other metal part and 
allowed to solidify as an inseparable 
portion of the unit mass. 

Long association with Allegheny Lud- 
lum Steel Corp. and recognition of their 
experience in the production of stainless 
steels, prompted Mr. Hopkins to discuss 
the problem with the Allegheny Ludlum 
research staff and as a result the steel 
company decided to participate in the 
further development. This work culmi- 
nated in the construction of a plant at 
Brackenridge, Pa., which is now in com- 
mercial operation under exclusive license 
from The M. W. Kellogg Company under 
the Hopkins patents. 

Pluramelt, the name of the new 
process, in its numerous analyses is the 
product of an electric furnace melting 
technique, as a result of which all of the 
special composition materials and a small 
part of the low-cost materials are melted 
and integrally joined during this opera- 
tion. In the furnace proper the functions 
of steel making and of the mold are 
combined. In this way special steels are 
melted and joined to low-cost steels in 
ingot form, to produce Pluramelt ingots. 
The process produces single ingots of two 
or more compositions, integrally bonded 
together, and it is possible to change 
the composition, within limits, during 
the melting operation. 

Experience so far has been limited to 
Pluramelts of stainless alloys (high 
chromium-iron and chromium-nickel- 
iron alloys) on soft or medium steel, and 
tool steel types on soft steel bases, but it 
seems very likely that the commercial 
success with these materials may be 
duplicated with any other alloy that can 
be melted in an are furnace. The base 
metal can be covered on both sides and 
triple or more layers made of any de- 
sired proportionate thickness. 
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Photographing Arcs 
Under Water 


ROM long experience with oil circuit 

breakers and other electrical appara- 
tus scientists know that an alternating- 
current arc in a fluid may be extin- 
guished faster if the fluid is in motion— 
but nobody knows exactly why. Funda- 
mental studies of arcs over a period of 
many years have yielded a wealth of 
knowledge about the performance of 
arcs, and. circuit-interrupting 
have been improved rapidly as a result. 


devices 


Dr. Slepian, associate director of the 
Westinghouse Research Laboratories, be- 
lieved that the motion of gas bubbles 
liberated by the arc from the surround- 
ing fluid was responsible for the anom- 
aly. He enlisted the aid ot Dr. T. E. 
Browne, Jr.. and together they have 
worked out a method of photographing 
arcs under water. Because an arc either 


lives or dies as a result of what happe!s 
just before the instant at which its cur- 
rent falls to zero, most of the pictures 
are taken during that brief. chaotic 
struggle against extinction. From a 
rogues’ gallery of more than a thousand 
pictures, Dr. Browne has found that an 
abundance of gas between the electrodes 
at this critical instant seems to breathe 
new life into the arc, while its death 
pangs are almost always presaged by a 
relative dearth of gas within the bubbles. 
One of the most interesting things dis- 
covered from a study of the pictures, 
however, is that the arc bubble appar- 
ently expands and contracts very rapidly 
at a frequency which bears no relation 
to the electrical frequency of the sys- 
tem, but which depends on how fast 
the water flows past the electrodes. 
The apparatus used for these pictures 
is simple in principle, though somewhat 
complex in detail. Arcing electrodes are 
mounted inside a vertical steel cylinder 





Apparatus for under-water arc photography. Exposure is made through a slotted disk 
rotating in front of the miniature camera lens. Dr. T. E. Browne, at left, is demonstrat- 
ing the operation of the mechanism and sequence of procedure to Dr. Slepian, at right 
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3 in. in diam. through which the water 
is pumped upward at velocities as high 
as 200 ft. per sec. On opposite sides of 
the cylinder are circular windows. For 
photographing the arc, a miniature 
camera equipped with supplementary 
portrait lenses is placed before one win- 
dow, and the other window is brightly 
illuminated to make bubbles around the 
are appear as silhouettes against a light 
background. 

Exposures averaging about 1/3,000 
second are made through a slotted disk, 
which is driven by a small synchronous 
motor. Contacts on a rotating drum at- 
tached to the shutter disk synchronize 
the camera shutter and record on an 
oscillogram the exact instant at which 
the picture is taken. 

Although these arcs were studied 
under water, it is reasonable to expect 
that oil circuit breakers will be improved 
as a result. The same photographic 
methods have been used successfully in 
studying arcs in oil, the only difference 
being that good pictures are a little diffi- 
cult to get because the color of the oil 
obscures detail! slightly and necessitates 
more background illumination to get 
good silhouettes of bubbles. 


Network Television 


Demonstrated to FCC 


ETWORK TELEVISION, the dream 

of scientists for years, was demon- 
strated successfully to Federal Com- 
munications Commission members in 
Schenectady Feb. 1 by General Electric 
engineers. The first demonstration of its 
kind in history, in which a program 
transmitted from New York was clearly 
received in Schenectady homes, was made 
possible by the use of General Electric’s 
new relay station working in conjunc- 
tion with its main transmitter atop the 
Helderberg Mountains. 

By the use of the new relaying equip- 
ment, located 1.2 miles from the main 
transmitter atop the Helderberg Moun- 
tains, 12 miles from Schenectady, tele- 
vision broadcasts from New York City 
will become available to Capital District 
residents within the range of the com- 
pany’s W2XB station. 

The programs transmitted from New 
York City are received at the relay sta- 
tion on the 44-50 megacycle band by 
means of a rhombic antenna that re- 


sembles two diamonds placed end to end 
and supported by four 128-foot towers. 
The programs then pass through an 
amplifier, a part of the antenna struc- 
ture, that increases the signal strength 
about 20 times before entering a wire 
line leading to the relay receiving station 
located beneath the antenna. 





Meetings 


AMERICAN Society oF Toot Ener- 
NEERS—Annual meeting, New York, 
N. Y., March 7-9. Ford R. Lamb, secre- 
tary, 2567 W. Grand Blvd., Detroit, 
Mich. 


Society oF AuToMoTIVE ENGINEERS— 
National aeronautic meeting, Washing- 
ton Hotel, Washington, D.C., March 
14-15. John A. C. Warner, secretary, 29 
W. 39th St., New York, N. Y. 


AMERICAN FOUNDRYMEN’S AsSOCIA- 
tTion—Annual meeting, Palmer House, 
Chicago, Ill., May 3-10. C. E. Hoyt, vice 
president, 222 W. Adams St., Chicago. 





Case Histories In Patent Law 


(Eptror’s Note: We wish to empha- 
size that in consenting to furnish this 
column wherein general explanations of 
the law in specific patent cases are set 
forth, Col. H. A. Toulmin, Jr., wants it 
clearly understood “that each actual case 
should be submitted to your own patent 
attorney who is the only one familiar 
enough to advise you accurately.” The 
purpose of these explanations is to give 
a better general understanding of ques- 
tions of patent law). 


No. 15 
QUESTION: What is a preliminary 


examination to determine patentability? 


ANSWER: It is customary, where the 
inventor or the company owning the in- 
vention is not fully familiar with the new 
art in which he has made what seems to 
be a discovery that is patentable, to look 
up the prior patents that may exist in the 
United States Patent Office. In some 
cases both the United States and those 
foreign patents which are most likely to 
be cited by the Examiner to defeat the 
patent application in case it is filed are 
examined. This search is a wise precau- 
tion because it may save a great deal of 
expense and labor, not only in research 
and development work, but also in the 
cost of patent applications. It is better to 
know at an early date that the invention 
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is not patentable than to go forward 
making investments and later learn that 
no patent will be granted. 

The United States Patent Office is 
divided into some fifty divisions, each 
division handling a certain part of the 
industrial classes. For instance, one divi- 
sion handles electrical generation appara- 
tus, such as galvonometers, inductoriums, 
meters, pyromagneto-electric devices, 
regulators, systems of distribution, mag- 
neto-electric devices, and so forth. 

Each of these divisions is in charge of 
a Primary Examiner and an assistant. 
There is also a classification division for 
classifying patents in various classes 
according to the particular art to which 
this patent falls. It is, therefore, possible 
for a skilled searcher to look for the most 
likely patent that will anticipate inven- 
tion. Oftentimes the Examiners are will- 
ing to indicate pertinent art in the par- 
ticular field in which the man is search- 
ing. It is to the interest of both the 
Examiners and the Patent Office to pre- 
vent the filing of unwanted applications 
that can only result in expense and fail- 
ure and an unnecessary amount of labor 
on the part of the government officials. 

Some of the typical classifications in 
which patents are found are these: aero- 
nautics; coin handling, such as registers; 
tools, automatic temperature and humid- 
ity regulation; classifying, separating 


and assorting solids; textiles, plastics; 
metal working; internal combustion 
engines, gas and liquid contact appara- 
tus; electricity; chemistry; electrochem- 
istry; explosives; harrows and diggers; 
land vehicles; ventilation; plows; optics: 
lubrication; laundry; hydraulic and 
earth engineering; horology; surgery; 
valves; and so forth. 

After this preliminary examination or 
rapid survey of the art has been made, 
it is possible to fairly indicate, although 
not guarantee, that the invention is suffi- 
ciently new and patentable to make it 
worth while to file the patent applica- 
tion. This is not to be confused with 
the thorough and exhaustive study of the 
state of the art, which takes many days, 
highly skilled investigators, and a com- 
plete and thorough knowledge of the 
field being investigated in order to be 
sure that all the patents, both United 
States and foreign, and the pertinent 
literature are secured. 

Then, too, it is very useful upon occa- 
sion to call the attention of the Patent 
Office to the most pertinent art, so that it 
will be of record during the prosecution 
of the application. In this way, the art 
itself will have been discussed and passed 
upon by the Patent Office, so that at a 
later date in the event of suit, the fact 
that the prior art has been considered 
will be valued by the Court. 
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New Materials and Party 





Shaded Pole Induction 
Motors 






Line of open-type gear-reducing mo- 
tors which are silent and brushless, de- 
signed for severe running conditions and 
long life, has been announced. These 
motors are built in three gear ratio sizes, 










































providing output shaft speeds of 80, 54 
and 11 r.p.m. Several different outputs 
are provided for each speed, depending 
on the size and duty cycle of the motor 
employed. Cut spur gears are used in 
these reductions. A Textolite gear is pro- 
vided on the first step to reduce noise to 
a minimum. The steel gears are cad- 
mium-plated to resist corrosion. The gear 
studs and output shaft are nitrided to 
secure a hard non-corrosive bearing sur- 
face. The rotor shaft is hardened stain- 
less steel. The gear plate is made of 
brass and is provided with holes for 
mounting to a suitable bracket. Barber- 
Colman Co., Rockford, Ill. 


Motor End Shields 


End shields having a flat surface to 
facilitate the mounting of pumps and 
other directly driven equipment and for 








mounting magnetic brakes, are now 
available for U. S. Electrical motors. 
They can be assembled on either end 
of the motor and can be used to mount 
a footless motor to a machine frame if 
desired. The unimount end shields can 
be obtained in a number of standardized 
outside diameters, mounting machine 
fits, and bolt circles. They are also avail- 
able unmachined so that the user can 
machine the mounting to suit his par- 
ticular unit. U. S. Electrical Motors, Inc., 
Dept. 112, 80-30th St., Brooklyn, N. Y. 


Motor Protectors 


When built into a motor automatically 
cut the motor out of line the instant 
are reached 


temperatures 


dangerous 





within the motor. Yet they do not in any 
way limit the safe peak operation of the 
motor. Being automatic, they are recom- 
mended for unattended motors which 
are subjected to varying loads such as 
those used in air-conditioning equipment, 
stokers, circulators, blowers and oil burn- 
ers. These over-heat and over-load pro- 
tectors are designed for single and poly- 
phase a.c. motors. Made in three sizes; 
l1 in. for single-phase motors up to 14 
hp., 1 in. for single-phase motors up to 
1% hp., and 1% in. for protection of 
single and polyphase motors up to and 
including 3 hp. A two-pole protector is 
also available for certain types of frac- 
tional hp. repulsion-start induction and 
capacitor motors. Spencer Thermostat 
Co., 34 Forest St., Attleboro, Mass. 


Die Cast Housing 
for Micro Switches 


Compact streamlined housings of die 
cast metal are now available with either 
open or closed top for Micro Switches. 
The bottom plate is removable for mak- 
ing connections. Terminals will accom- 
modate No. 14 solid wire. No sealing or 
pigtails are employed. The hub takes 
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a standard % in. conduit, wires are 
brought directly into the switch. All elec- 
trical characteristics, movement and pres- 
sure differentials are maintained. Micro 
Switch Corp., Freeport, Ill. 


Multi-BreakeR 


Breaker is trip free and cannot be 
held closed on a short circuit or overload. 
Indicating handle shows whether the 
breaker is on, off or tripped. Breakers 
are tamper proof, factory calibrated and 
sealed so that the intended capacity can- 





not be exceeded. The breaker is available 
for flush or surface mounting. The 
breaker which is known as the Type M2 
Multi-breakeR is of the two-pole, 100 
amp. frame. An overload on one pole 
automatically trips both poles simul- 
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taneously. The breaker is designed for 
three-wire solid neutral, 115/230 volts, 
a.c., insulated groundable neutral, or 
two-pole, 115/230 volts, a.c., no neutral, 
in capacities of 50, 70, 90 and 100 amp. 
Square D Co., Detroit, Mich. 


Self-Locking Nuts 


Nine new types of nuts, all of which 
embody the basic Elastic Stop self-lock- 
ing non-metallic collar which is built 
into the head of the nut, have recently 
been placed on the market. The resilient 
collar, in resisting the entrance of the 
bolt or screw, forces the thread faces 
into a pressure contact which is main- 
tained after the nut is tightened. With 
thread play thus eliminated, the nut 
cannot work loose under vibration, oper- 
ating stresses, or wear of surrounding 





parts. The new types are: thin hexagonal, 
spline, internal wrenching, countersunk 
and counterbored one-lug anchor, coun- 
tersunk and counterbored two-lug anchor, 
countersunk corner anchor, bracket 
anchor, floating right-angle anchor, and 
floating basket anchor. Elastic Stop Nut 
Corp., 1015 Newark Ave., Elizabeth, N. J. 


Synthetic Coating for 
Conveyor Belts 


New synthetic coating for conveyor 
belting has been developed which, on 
the basis of tests, indicates that it will 
reduce the effects of aging. The coating 
was developed to prevent the deteriora- 
tion from the effects of sunlight and air 
that takes place in conveyor belting 
when in storage or when it is idle for 
a considerable period. It is claimed that 
samples of conveyor belting under ten- 
sion which were coated with this com- 
position after exposure for six months 
to all varieties of weather, did not show 
any evidences of cover deterioration. The 
product is known as Goodrich R-60-T 
protective coating for conveyor belting. 


The B. F. Goodrich Co., Akron, Ohio. 
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Small Universal Rectifier 


Two mercury vapor type tubes are used 
to rectify full wave single phase a.c. In- 
ternal construction of the tubes is de- 
signed to prevent the filaments from sag- 
ging, and to promote long tube life. The 
rectifier contains no moving parts hence 
no maintenance is required. A.c. and d.c. 





connections are made on a terminal 
board inside the hinged cover. An “off- 
on” switch is provided; red and green 
jeweled pilot lamps indicate when the 
current is “on”. Compact in size, this rec- 
tifier has a d.c. output of 660 watts. It 
will withstand a 100 per cent overload 
for 5 min., thus making an ideal source 
of d.c. for motor operation where start- 
ing current is high. Size, 74x514x16%4 
in.; weight 26 lb. Mellaphone Corp., 
Rochester, N. Y. 


Selectro-Plater 


Constructed so it may be stood on 
end, laid down or hung on wall. To 
plate, the worker plugs into the a.c. out- 
let and connects the cathode and anode 








leads to the binding posts. A single knob 
variable control on the panel, enables 
the plater to adjust the voltage. Delivers 
74% volts at 4 amp. on continuous load 
and over 8 amp. on intermittent loads or 
flash plating. It operates on a.c. at line 
voltages of 105, 110 and 125 volts. The 
unit is designed for jewelers, small plat- 
ing plants and experimental laboratories. 
This small power plant is a complete 
unit with dimensions approx. 10x6x5 in. 
and weighs about 10 lb.-W. Green Elec- 
tric Co., 192 Broadway, New York, N. Y. 


Chromium and Nickel 
Bonded Aluminum 


Two new prefinished bonded metals 
which combine the beauty and durabil- 
ity of nickel and chromium with the 
lightness, strength and workability of 
aluminum are formed by an elec- 
trolytic process using the Krome Alume 
process patent. Because the aluminum 
does not have to be etched to secure a 
bond, the luster of the plated surface 
is not dulled. The illustration shows a 
decorative plate made from the ma- 
terial. Available in sheets and sizes up 





to 36x96 in. in a full range of tempers, 
and gauges from 0.010 up to 0.064 in., 
with a choice of bright or satin finish and 
striped, crimped, or corrugated pat- 
terns. Both metals are highly resistant to 
corrosion, rust or tarnish. American 


Nickeloid Co., Peru, Il. 


Contact Materials 


The alloying elements are such as to 
create a de-ionization action in the me- 
dium between the arcing contact tips. 
This de-ionization action tends to quickly 
quench the arc, resulting in the elimina- 
tion of arcing dangerous to circuit equip- 
ment and detrimental to the contact life. 
Also, the characteristics are such as to 
render the contact faces self-cleaning 
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with the attendant arcing, which action 
results in a low contact resistance value. 
The material is said to be non-sticking 
in operation and will not fuse under 
heavy overloads. Known as Mallory 8CC 
metal, the material is a copper base alloy 
having electrical conductivity 50 to 60 
per cent that of copper, hardness 50 to 
55 Rockwell B. This alloy cannot be hot 
or cold worked and is supplied only in 
the form of sand castings. The metal is 
free cutting and machines readily. P. R. 
Mallory & Co., Inc., Indianapolis, Ind. 


Vibrators and Controllers: 


Explosion proof types for use in oil 
refineries, chemical plants, paint works 
and flour mills, where atmospheric con- 
ditions are highly inflammable or ex- 
plosive. The vibrator, a heavy pulsat- 
ing electro-magnet, is fully incased in a 
thick electric-furnace steel case with 
ground joints, with an armored cable 





lead. The remote control panel contains 
a rectifier, operating switches and rheo- 
stat for controlling the vibrator; this is 
fully incased in a cast iron case with 
ground joints and approved explosion 
proof fittings. The vibrators are used for 
attachment to bins, hoppers and chutes, 
to prevent arching over and hanging up 
of material. and to insure a free flow at 
all times. The Syntron Co., 240 Lexing- 
ton Ave., Homer City, Pa. 


Automatic Welding Timer 


Electronic timer for automatically con- 
trolling welding of small parts or thin 
materials where it is important that the 
welding time be strictly limited to a mat- 
ter of a few milliseconds. Timer is de- 
signed to be used with materials where 
the weld comes up to temperature almost 
instantly and the continued application 
of current beyond this time only serves 
to heat the electrode and increase the 
tendency for the work to stick. Timer 
functions by allowing current to flow for 
each weld only for the full duration of 
a single half-cycle of the 60-cycle sup- 
ply, and by blocking further current 
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flow until the manually operated switch 
at the welder is again tripped for the 
next weld. The control action is entirely 
electronic. The unit is housed in a stand- 
ard switch box with the knock-outs pro- 





viding ample ventilation. Compact size 
simplifies installation and the character- 
istics are such as to make the unit posi- 
tive and foolproof in operation. Callite 
Products Co.. Div. Eisler Electric Corp., 


Union City, N. J. 


Cold Tinning Compound 


For use in spraying onto aluminum. It 
is claimed that this new compound does 
away with special aluminum solders and 
fluxes. The surface to be tinned is pre- 
pared in the usual way. A clean rag 
moistened with water is then dipped into 
the compound and rubbed over the sur- 
face to be tinned until a shiny metal 
coating is formed. This coating then 
forms a permanent bond with a tin-lead 
solder which is sprayed on later. Glaser 
Lead Co., Inc., 31 Wyckoff Ave., Brook- 
lyn, N. Y. 


Vulcalock Cements 


Vulcalock cements, which have unique 
properties in joining a wide variety of 
materials, particularly in making strong, 
waterproof, chemically resistant joints 
between rubber and metal, havė.now been 
released for sale on a restricted basis. 
The cements are not rubber, but are 
solutions of Thermoprene, a patented 
thermoplastic made by chemical altera- 
tion of rubber. They are translucent, 
amber liquids of light engine oil con- 
sistency, and when dried they form a 
tough, horny film. Strength of bond 


ranges from 10 to 500 lb. per sq.in., de- 


pending upon methods of application anl 
materials joined. The cement resists 
cracking by bending, shock, or variatior:s 
in temperature, have chemical resistance 
better than rubber itself, and do not 
absorb moisture nor swell in water. B. F. 


Goodrich Co., Akron, Ohio. 


Synthetic Wax 


Made from domestic raw materials, 
has been introduced under the name of 
Acrawax C. This product has a melting 
point of 133-134 deg. C. and yet is not 
hard nor brittle. It is insoluble in water. 
It is soluble in hot mineral spirits, tur- 
pentine, toluol, naphtha and similar hy- 
drocarbon solvents. Solutions in tur- 
pentine, naphtha and toluol produce a 
stable gel on cooling. Acrawax C blends 
with paraffine, carnauba wax, candelilla 
wax, and rosin. Glyco Products Co., Inc., 
148 Lafayette St., New York, N. Y 


Pressure Lubricated 
Air Compressors 


Lubrication under pressure is fur- 
nished by a gear type pump to connect- 
ing rod bearings and piston pins. Oil 
pump is mounted on the end of crank- 
shaft, which is of special 1045 S.A.E. 
heat-treated steel. Main bearings are 
Timkens, lubricated by a splash system 
which functions separately from the 





pressure system. Ring type valves are 
made of special steel. Each valve can 
be removed for inspection without dis- 
turbing the other valves. Cool operation 
is assured by vertical fins on the cylin- 
ders, which increase the radiation area 
121% per cent and over which air is di- 
rected by a combination fan and flywheel. 
These new compressors, Models 244 and 
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340 are designed for heavy duty indus- 
trial use. Model 244 is a duplex cylinder, 
single stage compressor having 40 cu.ft. 
per min, maximum displacement. The 
two-stage model has a large copper fin 
in the cooler to secure maximum tem- 
perature drops between the low and 
high pressure cylinders. Quincy Com- 
pressor Ce Quincy, Ill. 


Drafting Chair 


Designed especially for use with Auto- 
Shift tables, this chair is of ordinary 
desk height and is comfortably padded 
with an adjustable back rest so that it 
can be set for proper posture of the 
draftsman. The chair is of the swivel type 
and is mounted on rubber casters. The 





chair is finished in olive green to match 
the usual drafting furniture and office 


equipment. Hamilton Mfg. Co., Two 
Rivers, Wis. 


Cuferco 


A new alloy resembling Cupaloy has 
been announced. Cuferco has three com- 
ponents: copper, iron and cobalt. The 
iron-cobalt content is highly important 
in determining the characteristics of the 
alloy. For best composition, identical 
quantities of the two elements are used, 
the normal proportions being about 96 
per cent copper and 2 per cent of iron 
and cobalt. Electrical conductivity of 
the alloy is about 70 per cent as good 
as that of copper, and has about the same 
tensile strength as hot-rolled low-carbon 
machinery steel. Because of its iron con- 
tent, this alloy can be hardened by heat- 
treating. Cuferco is softened very little 
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by repeated applications of heat. It is 


expected that it will be suitable for tips 
of spot welders. Westinghouse Electric & 
Mfg. Co., East Pittsburgh, Pa. 


Skid-Proof Erasing Shield 


Non-skid erasing shield is provided 
with cupped openings for finger and 
thumb in order to grip the shield firmly 
to the paper and to prevent the shield 





from slipping. The shield is designed to 
put an end to troubles encountered with 
slippery type shields. Made of high-grade 
flexible safety razor steel, 23%&x4% in., 
has 14 openings. Eugene Dietzen Co., 
2425 Sheffield Ave.. Chicago, Ill. 


Pneumatic Atomizing 
Nozzle 


For chemical processes and humidify- 
ing in industrial processes where a con- 
stant proportion is to be maintained for 
intermittent spraying. The nozzle is avail- 





able with internally mixed round or flat 
spray. It is screwed directly into a pipe 
where the liquid is maintained at a con- 
stant level. The same pipe serves as an 
air supply header. Standard stock con- 
struction is brass; other metals can be 
specified. Spraying Systems Co., 4011-21 


W. Lake St., Chicago, Ill. 


Silver Stainless Steel 


The inclusion of silver in quantities of 
less than 1 per cent, has rendered a new 
18-8 stainless steel substantially immune 


to pit corrosion, a type of corrosion which 
ordinary 18-8 stainless encounters in 
contact with salt water. Another benefit 
claimed for the addition of the silver is 
a decided reduction in work hardening of 
the austenitic chromium-nickel stainless 
steel. The new alloy can be cast, rolled, 
drawn and forged, and is said to be 
especially suitable for drawing or spin- 
ning. This unusual steel was developed 
at the Massachusetts Institute of Tech- 
nology. Products have been fabricated 
by the Lebanon Steel Foundry Co., and 
Eastern Rolling Mills. The Chemical 
Foundation, Inc., 654 Madison Ave.. New 
York. N. Y. 


Corrosion-Resistant Alloy 


Sheet 


Plates weighing up to 100 lb. each 
can now be made of a corrosion-resistant 
nickel-molybdenum-chromium-iron alloy 
known as Hastelloy Alloy C. This alloy 
effectively withstands strong oxidizing 
agents such as acid solutions of ferric 
or cupric salts, and aqueous solutions con- 
taining chlorine or hypochlorites. The 
material also has good resistance to 
hydrochloric acid up to 50 deg. C. and 
to sulphuric acid at temperatures up to 
70 deg. C. if the concentration is over 50 
per cent, or up to boiling if the concen- 
tration is under 50 per cent. In rolled 
form, the alloy has a tensile strength in 
excess of 75,000 lb. per sq.in. and also an 
elongation and reduction of area of 
approximately 15 per cent. Haynes Stel- 


lite Co.. Kokomo. Ind. 


Air Control Valve 


Of the heavy duty type, has poppet 
type valve. Mounting flange, lever and 
other parts are designed for heavy serv- 
ice. Special alloy lever and rocker-arm 
pins are fitted with needle type roller 
bearings. Large stuffing boxes are a fea- 
ture, poppet stems and retainers are 
stainless steel. Mounting dimensions, pipe 
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connection locations and bolt holes re- 
main the same as in the standard size. 


Ross Operating Valve Co., 6493 Epworth 
Blvd., Detroit, Mich. 


Photochemical Printer 


Development of a strong light source 
has made possible a method for duplicat- 
ing line drawings in quantity. By ex- 
posure in the Photochemical printer any 
opaque drawing, translucent cloth or 
paper can be transferred to a sensitized 
stencil sheet. The stencil is then devel- 
oped and placed in a Mimeograph dupli- 
cator for accurate black-and-white repro- 





duction in quantity. Time of procedure 
from finished tracing to finished copies is 
generally less than 25 minutes. Included 
in the assembly are the portable printer, 
developing plate, and all necessary acces- 
sories except chemicals and stencil 
sheets. A. B. Dick Co., 722 W. Jackson 
Blvd., Chicago, Ill. 


Ethyl Polychlorobenzene 


Ethyl polychlorobenzene, a highly sta- 
ble liquid, has just been announced for 
application as a heat transfer fluid, 
dielectric for electric condensers, fluid 
for pressure control mechanisms, and 
non-inflammable lubricant. The mate- 
rial is described as having excellent elec- 
trical properties. It can be boiled with 
aqueous solutions, including 20 per cent 
caustic soda or 20 per cent sulphuric 
acid, without appreciable change. Heat- 
ing with iron, aluminum or copper at 
200 deg. C., produces no change or cor- 
rosion of the metals. It sludges and 
darkens on long and continued refluxing 
at elevated temperatures in contact with 
iron, with a slight generation of hydro- 
chloric acid. It is less affected by copper 
and still less by aluminum. E. I. du 
Pont de Nemours & Co., Inc., Wilming- 
ton, Del. 


New Molding Compound 


An easily preformed phenolic molding 
material has been announced which is 
claimed to deliver an unusually smooth 
finish for a standard high-impact type. 


142 


The preforming properties are the result 
of the particle size and shape. The par- 
ticle size is controlled so that the ma- 
terial will flow through hoppers and 
automatic feeding devices readily. This 
material is known as Durez 1900 Black. 


Durez Plastic & Chemicals, Inc., North 
Tonawanda, N. Y. 


Hard-Facing Rod 


Recommended for use where severe 
abrasion accompanied by only a moder- 
ate amount of impact is encountered, a 
new alloy welding rod for hard surfac- 
ing wearing parts has just been an- 
nounced. The new rod, known as Haynes 
“93” does not possess as high wear re- 
sistance as Haystellite cast tungsten car- 
bide products or Haynes Stellite alloys. 


It is, on the other hand, more wear-re-_ 


sistant, but not as tough as Hascrome 
hard-facing alloy. The rod is of a fer- 
rous composition and contains chromium, 
molybdenum, cobalt, and other alloying 
elements to the extent of more than 40 
per cent. It has a tensile strength of 
about 43,000 lb. per sq. in. and a hard- 
ness, as-deposited by oxy-acetylene weld- 
ing, of 62 Rockwell C. When deposits 
are heat-treated by heating to 1,950 deg. 
F. and then air-cooled, the hardness 
reaches 66 to 67 Rockwell C. Haynes 
Stellite Co., Kokomo, Ind. 


Aridifier 


For removing dirt, scale, oil and mois- 
ture from compressed air and gas lines. 
Foreign matter impinges on a number of 
“propeller blades,” which revolve in 
opposite directions, and which are pro- 
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pelled by the flow of air or gas. The 
arrested contamination and moisture jis 
collected in the lower housing from where 
it is drawn off as occasion warrants. These 
units are designed for application to lies 
supplying compressed air to spray booths 
and other manual and automatic spi ay- 
ing and finishing operations. Removal of 
extraneous foreign matter provides clean 
air for finer finishes. Units are made in 
3g in to 10 in. standard pipe sizes. Logan 
Engineering Co., 4912 Lawrence Ave., 
Chicago, Ill. 


Marking Device 


Designed to mark parts having an- 
nular flat faces, such as gears, bushings 
and bearing races. The holder in which 
the type retainers are carried, is provided 
with a pilot guide to center the marking 
device. Type retainers are carried in the 
holder in T-slots. The type retainers are 
provided with elongated slots on their 





inner faces, into which balls are fitted 
and held under spring pressure so that 
the retainers cannot drop out of the 
holder, but can be removed by a sharp 
pull. Type holders may be used for either 
solid type blocks or individual type, set 
screws lock the type in place. New Meth- 
od Steel Stamps, Inc., 143 Campau 
St., Detroit, Mich. 


Stainless Steel Electrode 


For arc welding stainless steel of the 
25 per cent chromium, 20 per cent nickel 
type, such as is specified by the Iron 
and Steel Institute as No. 310, a stain- 
less steel known as “Stainweld D” has 
been announced. The electrode is also 
used for welding various stainless steels 
to mild steel and for welding of air hard- 
ening steels which cannot be heat-treated 
after welding, such as armor plate and 
similar steels. In general, preparation 
of the work and welding procedure is 
similar to that used in mild steel welding. 
The surfaces to be welded should be 
free from all foreign material. Slag 
should be thoroughly cleaned. Thin sheets 
should be clamped against a copper 
backing to maintain alignment, to re 
duce buckling and prevent burning 
through. These electrodes, 11% in. in 
length, and packed in 25-lb. containers 
and are available in sizes #3, Y, #2, % 
and 14 in. in diam. The Lincoln Electric 
Co., 12818 Coit Rd., Cleveland, Ohio. 
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Manufacturers Publications 








Materials 


Bearincs—Bound Brook Oil-less Bearing 
Co., Bound Brook, N. J. Catalog page 84x11 
in., describes features of and applications 
for graphited bronze bearings with notes 
covering permissible loads, dimensions and 
tolerances, also method of installation. 


Friction Matertat—The S. K. Wellman 
Co., 1381 E. 49th St., Cleveland, Ohio. Bul- 
letin, 4 pages, 84x11 in. Information cover- 
ing the construction and composition of 
Velvetouch Bimetallic Friction Material, 
forms available with working properties and 
characteristics. Applications in industrial, 
aviation and automotive fields are listed. 


Zinc Attoy—The New Jersey Zinc Co., 
160 Front St., New York, N. Y. “Zine Alloy 
Die Castings in Small Tools,” 3%x7% in. 
Illustrates many examples of the applica- 
tion of zinc alloy die castings to parts for 
small tools of all kinds. 


Mechanical Parts 


Batt Beartncs—New Departure Divisien 
General Motors Sales Corp., Bristol, Conn. 
This company announces publication of the 
1940 edition of their ball bearing inter- 
changeability tables in booklet form. 


Batt Beartncs—Nice Ball Bearing Co., 
30th and Nicetown Lane, Philadelphia, Pa. 
Catalog No. 110, 70 pages, 48x74 in. De- 
scriptive matter showing applications and 
dimensions covering radial ball bearings, 
thrust ball bearings, combination type ball 
bearings, ball retainers, casters, ball bearing 
sheaves, ball bearing wheels, and specifica- 
tions for steel, bronze and stainless balls. 


Bronze Cuatns—Link-Belt Company, 307 
N. Michigan Ave., Chicago, Ill. Folder 1804, 
4 pages, 6x9 in. Suggested applications of 
Link-Belt bronze detachable and pintle 
chains with a check list showing the correct 
bronze composition to use. 


Dust Caps—Gits Bros. Mfg. Co., 1846-62 
S. Kilbourn Ave., Chicago, Ill. This cir- 
cular describes self-closing dust caps for 
installation on pneumatic couplings, fuel 
tanks, and similar applications. 


FLexisLeE CourLINGs—Charles Bond Co., 
617-623 Arch St., Philadelphia, Pa. Catalog 
TF-16, 12 pages, 34x6 in. Condensed cata- 
log showing five different types of flexible 
insulated couplings with illustrations, tables 
of dimensions and horsepower ratings. 


Metat Bettows—The Fulton Sylphon 
Co., Knoxville, Tenn., folder SF-511, four 
pages, 83x11 in. Describes seamless metal 

llows and uses as diaphragms for con- 
verting pressure effects into controlled mo- 
tion, expansion chambers and similar serv- 
ices. Ordering specifications are listed. 
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Om Fitm Beartnc—Koppers Co., Bartlett 
Hayward Division, Baltimore, Md., has an- 
nounced a booklet describing new Fast’s 
Multiple Oil Film Bearing, describing and 
illustrating the design, with tables of di- 
mensions and load capacities, bearing hous- 
ings, recommended shaft sizes, dimensions 
of lock nuts and proper oil levels. 


Screws, Stups, anp Botts — Aircraft 
Screw Products Co., Inc., 25-12-4lst Ave., 
Long Island City, N. Y. Bulletin T-1, 16 
pages, 83xll in. This bulletin has been 
prepared to provide data on standard sizes, 
basic formulas, and engineering information 
required for the application of the Aero- 
Thread Screw Thread System. Dimensions 
and tolerances of standard Aero-Thread 
screw connections are listed, together with 
description of typical applications for this 
screw system, 


SpeeD Repucers—Janette Mfg. Co., Chi- 
cago, Ill. Bulletin 22-25C, 100 pages, 8% 
xll in. Illustrates, describes, and gives 
engineering data on complete line of Ja- 
nette speed reducers. 


Stop Nuts ano Fittincs—Elastic Stop 
Nut Corp., 1001 Newark Ave., Elizabeth, 
N. J. 12 new pages, 84x11 in., for insertion 
in the 1938-39 edition of the Elastic Stop 
Nut Catalog. These additional sheets list 
new items and some list changes in the 
earlier catalogs. 


V-Betts—B. F. Goodrich Co., Akron, 
Ohio. Catalog 2180, 24 pages, 84x11 in. 
Five pages of this catalog section on frac- 
tional-horsepower V-belt design outline all 
the factors in selecting the proper drive. 


VARIABLE Spreen Putteys—The Speed- 
master Co., Des Plaines, Ill. Folder, 4 
pages, 84x11 in. Describes the advantages 
of variable speed installations, and lists 
construction and installation features of the 
Speedmaster line. 


Electrical Parts 


SHapep Pore Morors—Barber-Colman 
Co., Rockford, Ill. Motor data sheet M-61, 
four pages, 84x11 in. Specifications covering 
standard and special shaded pole induction 
motors describing construction and features. 
Tables of performance characteristics are 
presented for both the standard unidirec- 
tional motors and for the geared head 
motors. 


D-C Mortors—Reliance Electric & Engi- 
neering Co., Ivanhoe Road, Cleveland, Ohio. 
Bulletin 220, two pages, 84x11 in. Informa- 
tion regarding construction details of Type 
T explosion-proof d.c. motors. 


Battery CHARGER—General Electric Co., 
Schenectady, N. Y. Bulletin No. GEA- 
3179A, four pages, 8x104 in. Describes the 
constructional features and the advantages 
of the CR7 501-K Phano-Charger for storage 


batteries. Charts show the characteristic 
data of this charger under load. 


Motors aNd Controts—General Electric 
Co., Schenectady, N. Y. Publication GED- 


806, 12 pages, 9x12 in. Collection of some 
recent G-E advertisements, showing features 
and applications of G-E motor and controls. 


Fabrication Methods 


Automatic Motptnc—F. J. Stokes Ma- 
chine Co., Tabor Road, Philadelphia, Pa. 
16-page booklet on automatic molding, com- 
bined with a catalog of automatic molding 
machines, showing several different models 
and describing how they operate to cut 
molding time; labor, and material. 


SoLpDERING AND TinNING—Glaser Lead Co., 
Inc., 31 Wyckoff Ave., Brooklyn, N. Y. 
Folder, 33x6% in. Describes types of solder 
to use for various kinds of work. 


Spor WeLpers—Pier Equipment Mfg. Co., 
Milton & Cross Sts., Benton Harbor, Mich. 
Catalog No. 40, 12 pages, 83x11 in. Detailed 
information on various models of the Ace 
Spot Welders, an interesting discussion on 
the choice of manual and automatic types 
is also included. 


Surrace Harpentnc—The Ohio Crank- 
shaft Co., Cleveland, Ohio. Bulletin, 12 
pages, 84x11 in. A comprehensive expla- 
nation of the Tocco Process for surface 
hardening by induction. Diagrams and 
illustrations emphasize the points brought 
out in the text. 


Finishes 


Protectinc ALumiNumM—Pyrene Manufac- 
turing Co., 560 Belmont Ave., Newark, N. J. 
Booklet, 8 pages, 53x84 in. Describes the 
Pylumin process for the protection of alumi- 
num, as well as the installation and opera- 
tion of the process. It also discusses use 
of the process as a corrosion-proof base for 
paint finishes, or for the protection of 
unfinished aluminum parts. 


Miscellaneous 


Creep Stress Data—The Babcock & Wil- 
cox Tube Co., Beaver Falls, Pa. Technical 
Data Card No. 4. Relative creep stress data 
on Croloys 2 and 2% and other materials 
in the same range in the high temperature 
tubing field, arranged in the form of a 
chart so that the relative creep strength of 
each material can be seen at a glance. 


ENGINEERING LitERATURE—AIlis-Chalmers 
Mfg. Co., Milwaukee, Wis. Booklet, 36 
pages, 6x8 in. Directory of Products & 
Engineering Literature, which lists in nu- 
merical order more than 350 separate bul- 
letins and other engineering aids covering 
a widely diversified group of products made 
by this company. 


INSTRUMENTS—Leeds & Northrup Co., 4934 
Stenton Ave., Philadelphia, Pa. Catalog E, 
66 pages, 7x10% in. This condensed cata- 
log describes and illustrates the complete 
Leeds & Northrup line of electrical measur- 
ing instruments for research, and testing. 
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Books and Bulletins 





The Construction 
of Nomographic Charts 


F. T. Mavis—132 pages, 5 x 8 in. 
Flexible fabricoid covers. Published by 
International Textbook Co., Scranton, 
Pa. Price $2. 


This volume has been prepared for 
advanced undergraduate students and 
for engineers in professional practice. 
The introductory chapters review in de- 
tail the theory of logarithms, the slide 
rule, functional coordinate papers, and 
those phases of the theory of determin- 
ants and analysis which are necessary 
for the development of alinement charts. 

Under the theory of nomographic 
charts the author analyses the geometri- 
cal significance of third order determin- 
ants and the method of writing equa- 
tions in determinant form. Numerous 
examples are presented for the construc- 
tion and direct solution of many types 
of equations commonly used in engineer- 
ing calculations. The relations between 
nomographs and systems of straight 
lines, and the construction of nomo- 
graphic charts from empirical curves are 
thoroughly discussed. 

The subject matter is generously illus- 
trated with tables and figures of graphs. 
A short selected bibliography is also 
included. 


1939 A.S.T.M. Standards 


Part 2, NONMETALLIC MATERIALS— 
CONSTRUCTIONAL—1,217 pages, 6x9 in. 
Clothboard covers. Published by the 
American Society for Testing Materials, 
260 S. Broad St., Philadelphia, Pa. 
Price $8. 


Triennial publications of A.S.T.M. 
Standards including Tentative Standards. 
This volume, Part 2, includes the respec- 
tive tentative specifications and tests as 
well as those adopted as standard re- 
lating to cementitious materials, concrete, 
masonry building units, ceramics, pipe, 
timber and preservatives, paints, road 
materials, waterproofing materials, soils 
and general testing methods. The volume 
contains 350 specifications, of which 260 
are standard and 90 are tentative. 


Part 3, NONMETALLIC MATERIALS— 
GENERAL—1,175 pages, 6x9 in. Cloth- 
board covers. Published by the Ameri- 
can Society for Testing Materials, 260 S. 
Broad St., Philadelphia, Pa. Price $8. 

Triennial 


A.S.T.M. 


publication of 
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Standards including Tentative Standards. 
This volume, Part 3, includes the re- 
spective tentative specifications and tests 
as well as those adopted as standard re- 
lating to fuels, petroleum products, elec- 
trical insulating materials, rubber, tex- 
tiles, soaps and detergents, paper, plas- 
tics, water, general testing methods and 
thermometers. The volume contains 245 
specifications, of which 130 are stand- 
ard and 115 are tentative. 

This latest edition incorporates many 
features such as double-column format, 
improved editorial style, amplified sub- 
ject indexes. Two tables of contents list 
by subjects and by serial designations 
of standards. 


Machine Design 
ve Ee 


Blue clothboard covers. 
International Textbook Co., 
Pa. Price $4.50. 


MALEEV—579 pages, 6x9 in. 
Published by 


Scranton, 


An attempt is made in this text to 
assemble the results of recent research 
data regarding stress distribution, stress 
concentration and endurance of materials 
as a basis of design, and by applications 
of this new data to design problems 
eliminate some of the inconsistencies 
which arise from assumptions that elastic 
deformations from working stresses in 
machine parts can be neglected. 

The author has concentrated his atten- 
tion on the most important problems and 
general machine parts. While the scope 
of the book covers the usual classifica- 
tions found in treatises on machine de- 
sign, the treatment and basic methods 
developed for design are in keeping with 
modern trends and refinements which 
seek efficiently to utilize materials to 
obtain light weight without sacrificing 
necessary strength to resist static and 
repeated dynamic loads. This view point 
is excellently indicated in the chapter 
on machine design calculations in the 
treatment of the safety factor for static 
loads as differentiated from the safety 
factor for dynamic loads. 


Theory and Design of Springs 


Frep M. Cousins—100 pages, 8 x 1034 
in. Blue clothboard covers. Text is litho- 
printed. Published by Edwards Brothers, 
Inc., Ann Arbor, Michigan. Price $2.50. 


The author presents analyses of the 
more general types of springs in a man- 
ner suited to meet the requirements of 
both engineering designers and academic 
students. In preparing the subject mat- 


ter, the author has drawn from his own 
experience in the automotive industry 

Starting with a discussion of elastic 
vibrations of springs with equations ior 
motion and oscillations, the author le- 
velops the general theories underlying 
the methods used to determine stres-es 
and deflections produced by loading 
springs of the commonly used types such 
as; close coiled and open coiled helical 
springs, torsion and spiral springs, coni- 
cal springs, valve springs, leaf springs 
and flat springs, ring springs and disk 
springs. 

Line drawings are used throughout the 
book to supplement the mathematical 
treatment. Three pages of bibliography 
are appended for further reference and 
study. 


Evaluation of Petroleum Products 


Booklet, 52 pages, 6 x 9 in. Paper covers. 
Published by the American Society for Test- 
ing Materials, 260 S. Broad St., Philadel- 
phia, Pa. Price 75 cents. 


Six papers reviewing the present status 
of the testing of petroleum products and 
lubricants. The titles of the papers and 
their authors are: “Lubricating Oils” by 
J. C. Geniesse, “Petroleum Lubricating 
Greases” by M. B. Chittick, “Gasoline” by 
T. A. Boyd, “Diesel Fuels” by T. B. Ren- 
del, “Fuel Oils (Other Than Diesel)” by 
H. V. Hume, and “The Status of Research 
on Fuels and Lubricating Oils for Spark- 
Ignition Aircraft Engines” by S. D. Heron. 
References are included with each paper. 


A Survey of the Science of 
Heat Transmission 


Engineering Bulletin, Research Series No. 
68, 60 pages, 6 x 9 in. Published by Purdue 
University Engineering Experiment Station, 
Lafayette, Ind. Price 25 cents. 


A series of three lectures presented by 
Dr. Max Jakob at Purdue University. The 
topics for the lectures are: Fundamental 
Laws of Heat Transmission; Decisive Prop- 
erties of Matter; and Typical Methods. The 
lectures deal with heat transmission in its 
threefold manifestation as heat conduction, 
heat convection, and heat radiation; also 
the laws forming the basis of the science, 
the characteristic properties of matter which 
comprise the constants or variables, and 
methods for solving the fundamental equa- 
tions or how to avoid the solution if it 
presents insurmountable difficulties. 


Stainless-Clad Steel 


Bulletin, 24 pages, 84% x 11 in. Published 
by Jessop Steel Co., Washington, Pa. 


Bulletin contains useful engineering in- 
formation on the manufacture, fabrication, 
and the chemical and physical properties of 
Jessop Silver-Ply stainless-clad steel. In- 
dustries using this material are listed as 
well as varied types of fabricated equip- 
ment. Subject matter is supplemented with 
halftones and line drawings. 
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WIRE ROPE TACKLE BLOCKS 


Ratio of Lead Pull to Load When Lifting 


n=No. of / 
sheaves in 
both blocks 


* 
` 


i | n 
No. oF | 


` No. of 
lead sheaves.. 


A. C. RASMUSSEN 


Chief Engineer, Insley Manufacturing Company 


With torce P pulling to 
lift load blocks are drawn 
toward each other and 
Since W =e, + e, + e, 
or W =Pc* + Pc* + Pcd 
=Pc3 (1 +¢+c?) 


es = = Pc 
@ = Pc? 





e; = = Pc? In general W =P[(c™ (1 +c + c? +___+ c")] =PK 


Qe, = = Pc’ 
ê, = = Pc? 


Values of K for Various Values of m and n 


No. or LEAD SHEAVES =m 
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— | no es a l 9 ; 1 5 ; 6 c” For 
arii | SHEAVES = j c = 0.94 
l 0 1.0000 0.9400 0.8836 0.8306 0.7807 0.7339 0.6899 1.0000 
2 l 1.9400 1.8236 1.7142 1.6113 1.5146 1.4238 1. 3384 0.9400 
3 | 2 2.8236 2.6542 2.4949 2.3452 | 2.2045 | 2.0723 1.9480 0.8836 
t | 3 3.6542 3.4349 3. 2288 3.0351 | 2.8530 | 2.6819 2.5210 0.8306 
5 I 4.4349 1. 1688 3.9187 3.6836 | 3.4626 3.2549 3.0596 0.7807 
6 5 | 5.1688 1.8587 1.5672 t. 2932 t. 0356 | 3.7935 3.5659 0.7339 
7 6 | 5.8587 5.5072 5.1768 | t. 8662 1.5742 | 4.2998 t. 0418 0.6899 
8 7 | 6.5072 6.1168 5.7498 5.4048 5.0805 | 4.7757 1.4892 0.6485 
9 8 7.1168 6.6898 6.2884 | 5.9111 5.5564 | 5.2231 t. 9097 0.6096 
10 9 7.6898 7.2284 6.7947 | 6.3870 | 6.0038 5.6436 5.3050 0.5730 
l1 10 8.2284 7.7347 | 7.2706 | 6.8344 6.4243 | 6.0389 5.6766 0.5386 
12 ll 8.7347 8.2106 7.7180 7.2549 6.8196 | 6.4105 6.0259 0.5063 
13 | 12 9.2106 8.6580 | 8.1385 7.6502 7.1912 6.7598 6.3542 0.4759 
l4 | 13 9.6580 9.0785 | 8.5338 8.0218 7.5405 7.0881 6.6628 0.4474 
15 14 10.0785 9.4738 | 8.9054 8.3711 7.8688 7.3967 6.9529 0.4205 
16 15 10.4738 9.8454 9.2547 | 8.6994 | 8.1774 7.6868 7.2256 0.3953 
17 16 | 10.8454 10.1947 9.5830 | 9.0080 | 8.4675 | 7.9595 7.4819 0.3716 
18 17 11.1947 10.5230 9.8916 | 9.2981 | 8.7402 | 8.2158 7.7229 0.3493 
19 18 11.5230 10.8316 10.1817 | 9.5708 8.9965 | 8.4568 7.9494 0.3283 
20) 19 11.8316 11.1217 | 10.4544 9.8271 | 9.2375 8.6833 8.1623 | 0.3086 
| | | 

2 20 12.1217 11.3944 | 10.7107 10.0681 | 9.4640 | 8.8962 | 8.3624 | 0.2901 
22 21 12.3944 11.6507 | 10.9517 10.2946 9.6769 9.0963 8.5505 0.2727 
23 22 12.6507 11.8917 | 11.1782 10.5075 | 9.8770 9.2844 | 8.7273 0.2563 
2 23 12.8917 12.1182 | 11.3911 10.7076 | 10.0651 | 9.4612 8.8935 0.2410 
25 24 13.1182 12.3311 11.5912 10.8957 | 10.2419 | 9.6274 9.0498 0.2255 
26 25 13.3311 12.5312 11.7793 11.0725 10.4081 | See J o ewan | 0.2129 
27 26 13.5312 12.7193 11.9561 11.2387 10.5644 | ...... | 0.2001 
28 27 13.7193 12.8961 12.1223 Ce eee ee eee Berrie | 0.1881 
29 28 13.8961 13.0623 ee eee E oana io he ee i nN | 0.1768 
30 29 14.0623 CAO neweees | RTE ai rere ae 0.1662 
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WIRE ROPE TACKLE BLOCKS 


Ratio of Lead Retarding Force to Load When Lowering 


With force P retarding to 
lower load blocks move away 
€2-. from each other and Since W = e, + €, + @; 
or W = P/c? + P/e* + P 
=(P/c3) (1/c? + I/c +1) 
=(P/c3) ((1 + ¢ +07) /c?) 


In general W = (P/c™) ((1 + ¢ +--- + c")/c" J] =PK’ 


n= No.of / katik 
sheaves in 5 6 i 
both blocks e, = es/c = P/c 
S e, = e,/c = P/® 

P/c* 


P/c* 


K 
No. of e > 
lead sheaves.. 


=e,/c 
e, =e, 








Values of K’ for Various Values of m and n 


No. or LEAD SHEAVES =m 











No. oF na | 
PARTS | Be Sea | 
T OC 2 ; 
LINE SHEAVES 9 | l = 3 
1 0 1.0000 | 1.0638 | 1.1317 1.2040 
2 l 2.0638 | 2.1955 | 2.3357 2.4848 
3 2 3.1955 3.3995 | 3.6165 3.8474 
4 3 1.3995 | 1.6803 4.979] 5.2970 
5 4 5.6803 6.0429 6.4287 6.8391 
6 5 7.0429 7.4925 7.9708 8.4796 
7 6 8.4925 9.0346 9.6113 10.2248 
8 7 10.0346 10.6751 11.3565 12.0814 
9 8 11.6751 12.4203 13.2131 14.0565 
10 9 13.4203 14.2769 15.1882 16.1577 
11 10 15.2769 16.2520 17.2894 18.3930 
12 11 17.2520 18.3532 19.5247 20.7710 
13 12 19. 3532 20.5885 21.9027 23.3008 
14 13 21.5885 22.9665 24.4325 25.9920 
15 14 23.9665 25.4963 27.1237 28.8550 
16 15 26.4963 28.1875 29. 9867 31.9008 
17 16 29.1875 31.0505 33.0325 35.1410 
18 17 32.0505 34.0963 36.2727 38.5880 
19 18 35.0963 37.3365 39.7197 12.2550 
20 | 19 38.3365 40.7835 43.3867 16.1561 
21 20 41.7835 44.4505 17.2878 50.3062 
22 21 45.4505 48.3516 51.4379 54.7212 
23 22 49.3516 52.5017 55.8529 59. 4180 
24 23 53.5017 56.9167 60.5497 64.4146 
25 24 57.9167 61.6135 65.5463 69.7301 
26 25 62.6135 66.6101 70.8618 75.3849 
27 26 67.6101 71.9256 76.5166 81.4007 
28 27 72.9256 77.5804 82.5324 7.8005 
29 28 78.5804 83.5962 D i r 
30 29 84.5962 En a Ric 
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c == 0.94 
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GEORGE F. NORDENHOLT, Editor 


Not All Faith Is Good 


EVERY PROGRAM FOR THE REDESIGN of a product or 
machine must begin with the establishment of two 
assumptions. The first is the presumably disadvantage- 
ous features of the existing design; the second is the 
desired changes which presumably will improve the 
product or machine as a saleable article. Although these 
two preliminary suppositions overlap considerably, the 
first can be studied without regard to the second. The 
first is also the more important of the two because the 
improvement to strive for will to a large extent be deter- 
mined by the acknowledged possible deficiencies in the 
existing product. 

It is far easier to imagine and think about a new fea- 
ture than it is to admit the shortcomings of a design that 
was originally a thing of pride and joy. Reasons and 
excuses for having made the design as it is flash before 
the mind in an endless array and add to the natural fear 
of advancing along unknown paths. The urge to stand 
still becomes powerful. 

But even greater forces contribute to resist change, 
especially in those instances wherein the existing model 
has had numerous so-called “refinements” and “added 
features” attached to it during its all too long life. 
Perhaps at various times “hung-on” extras and “face- 
liftings” had been accompanied by increased orders. 
Little thought is given as to whether the increased sales 
were the result of the design changes, whether they came 
through super sales efforts or whether they are the 
natural accompaniment of an improved state of busi- 
ness in that field. In any event, the “refinements” were 
shouted so loudly that even the doubting Thomases 
within the organization became firm believers. 

The unshakeable faith of an organization in the per- 
manent superiority of a hallowed design has been the 
downfall of many an otherwise well-equipped company. 
An automobile hood so ugly that no other company dared 
Copy it would fittingly serve as the tombstone for at least 
one now defunct automobile manufacturer. Yet in the 
heyday of that company the monstrous looking hood was 


loudly proclaimed by the company as being the earmark 
of a design of scientific perfection. But the automobile 
buyers bought cars of other makes. 

It is such thinking that puts an exaggerated value on 
the things as they are. On the other hand, the thought 
of making a radical change in the design, using some new 
material, manufacturing process or devices, may often 
immediately suggest unsurmountable difficulties and un- 
definable misgivings. The power of ignorance lies in 
the knowledge of its existence. 

Practically all of the larger companies are well organ- 
ized to approach properly the problems in developing 
a new design. Special departments are set up to study 
markets, investigate customer reactions, make scien- 
tific researches and complete tests. But in the medium 
size and small companies the whole problem is often 
dumped into an understaffed engineering department. 
All too often the chief engineer must report to a non- 
technical executive whose primary purpose is immediate 
profits and who fails to appreciate any fundamental 
improvement if it means any expenditure for new shep 
equipment or an increased manufacturing cost of any 
kind. 

Thus it is that natural forces both within and outside 
the engineering department often align themselves to 
stand in the way of progress. But progress as a whole 
continues in spite of them. That’s why the “stand pat” 
companies soon find themselves in the rear. 

But what can the chief engineer of the super-conserv- 
ative self-satisfied company do about it? It may seem 
impossible to change the thinking of a mind that has 
become smugly self-satisfied with existing designs. But 
it is often possible to smash the spirit of self-satisfaction 
by showing the way to finer designs, more saleable prod- 
ucts, better looking designs. The quickest appeal is 
through the eye. Having sown the seeds of dissatisfac- 
tion, as soon as they sprout the chief engineer will be 
given snappy orders to produce his suggested designs. 

Most progress springs from dissatisfaction. 














STEEL STITCHING 


A New High-Speed Assembly Process 


LTHOUGH certain light metals 
have, for some time past, been 
fastened together with steel 

wire stitches, high production stitching 
of non-metallic material such as fabric 
insulation and rubber gasketing to steel, 
or in some cases steel to steel, is a com- 
paratively recent development made 
possible by cooperation between machine 
designers and wire manufacturers. 
Utilizing the basic principles of the 


ordinary wire-stitching machine that 


binds paper sheets or periodicals, de- 
signers have incorporated alloy steels 
for the highly stressed parts, increased 
the force of the driving ram, improved 
the wire feed, cut-off and guiding mech- 
anisms and have produced a machine 
capable of driving steel wire through 
ts in. of steel at the rate of 285 stitches 
per minute. Special high-tensile steel 
wire for use in these machines has been 
developed after several years research by 
wire manufacturers. 





Courtesy of Bostitch, Inc. 


In operation, wire is fed through 
gear-driven feed rolls to a gripper which 
holds it in position until the cut-off die 
severs it to a pre-determined length. 
After cutting, a mandrel carries the wire 
to the formers which bend it to an 
inverted U-shape; it is then driven down- 
ward by the ram towards the work. and 
is supported at top and sides by a wedge- 
shaped shoe. As the wire pierces the 
work the shoe moves backward and is 
fully retracted by the time the staple is 
formed against the clincher. 

Ram force is obtained through a link- 
age connected to the flywheel through a 
treadle-controlled clutch. Flywheel is 
driven by 14 or 1% hp. electric motor at 
a speed of 280 to 300 r.p.m., depending 
on the make of machine used. On most 
metal-stitching jobs, the legs of the staple 
are clinched in a slight curve with the 
ends pressed tightly against the material; 
a flatter clinch is available for applica- 
tions in which the staple must be 
clinched closer against the work. The 
machines are designed for continuous 
or non-repeat operation through a simple 
clutch-locking adjustment; the non 
repeat setting is useful in applications 
in which stitches must be located exactly 
with reference to each other or the edge 
of material. It also prevents careless 
operators from driving stitches on top 
of one another. 


Limitations in Thickness 


Since assembly by steel stitching is 
relatively new, limitations and possibili- 
ties in its use cannot be clearly defined 
at the present time. Steels vary in physi- 
cal characteristics, hence it is impossible 
to state as a general rule what total 
thickness of any given steel can be 
stitched unless actual tests are made on 
the material. Test procedure is recom- 
mended by the steel stitcher manufac- 


turers. Cold rolled steel sheets of 0.060 
to 0.070 in. thickness have been stitched 
successfully; soft metal has been 
stitched in thicknesses up to 0.116 in. 
As the action of the machine punches 
out a slug of the metal, the machine is 
most successful when stitching a non- 
metallic material to steel since the slug 
can wander in the soft material. When 
stitching heavy steel sheets together, it 
is recommended that a sandwich mate- 
rial of paper, cork or rubber be placed 
between the sheets. 

It has been found that about No. 18 
wire is best suited to the majority of 
work. This wire can be had in various 
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Work-cycle of a typical steel stitching machine, showing positions of various wire-handling parts 


180° 210° 


anaie 





at various angular positions during 


cycle. Relative displacements of parts are shown on the vertical scale, horizontal scale indicates angular displacement of flywheel 


degrees of hardness or temper, such as 
No. 18 bookbinders wire, which is the 
softest, No. 18XX, No. 18XXX and No. 
18XXXX. It is impossible to give the 
exact thickness of metal a given temper 
of wire will pentrate. Roughly, bookbind- 
ers wire will penetrate a single thick- 
ness of 0.020 soft steel; XX wire, two 
thicknesses of 0.020 (= 0.040); XXX 
wire, two thicknesses of 0.040 (= 
0.080); XXXX wire, one thickness of 
0.060 plus 0.030 (= 0.090). If the metal 
is hard, there may be trouble in stitch- 
ing so great a thickness; on the other 
hand, if the metal is soft, thickness may 
be increased. 


Wire content varies to some extent 


with the manufacturer, but the steel 
contains percentages of carbon, manga- 
nese, sulphur, phosphorus and silicon, 
the percentages increasing from grades 


XX to XXX and XXXX. For grade 
XX tensile strength is 180,000-200,000 
lb. per sq.in., the elastic limit 90,000- 
120,000 lb. per sq.in., elongation 1.5-3.5 


per cent in 10 in. For grade XXX, tensile 
strength is 240,000—260,000 lb. per sq. 


in., elastic limit 120,000-154,000 Ib. per 


sq.in., and elongation in 10 in. 1.5-3.5 
per cent. 
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Partial list 
of steel stitching applications 


Tire bead fastening 

Automobile arm rest reinforcements 

Automobile flywheel dust pan assembly 

Fastening insulation and tacking strips 
in automobile interiors 

Cushion assembly 

Assembly of aluminum beading to mold- 
ings or other parts 

Tractor grill assembly 

Attaching weatherstripping 


Running-board assembly 


Automobile rear deck assembly 
Attaching handles to galvanized covers 
Attaching gaskets to refrigerator tops 
Attaching gaskets to washing machines 


Assembly of locomotive smoke stack liners 


Fastening aluminum, brass and light steel 
sheets for continuous processing 

Radio loudspeaker frames 

Assembling register flanges for furnaces 


Attaching insulation to heating units 
Airplane instrument board assembly 





When stitching a soft material like 
fiber or rubber to metal, especially if 
the soft material is relatively thick, there 
may be trouble in penetrating the metal 
due to lack of support for the wire in 
the soft material. For this purpose, the 
hard XXXX wire is recommended. It is 
best to use the softest wire that will 
penetrate the work; harder wire will 
put more wear on the machine. 

Stitches can be placed within %¢ in. 
of an upward rising flange; on a down- 
ward turned flange they can be placed 
as close to the edge as practicable. The 
ram has been so designed that stitching 
can be done within a 34 in. wide chan- 


nel. On a downward flange depth is im- 
material; on an upward rising flange 
machine construction limits maximum 
height of flange to 143 in., that is the 
gap between stitcher head and clincher 
plate is 142 in. plus the thickness of 
the stitch. 

The limitations as to how close a 
stitch can be driven to a flange are deter- 
mined by the space occupied by the sup- 
porting shoe. In cases where the work 


is Ys in. or less, the shoe is not generally 
necessary and can be removed, making 
it possible to drive a stitch very close to 
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Wire controlled by 
Spring TOG Wire feed 


‘ guard lock 
yy iki screw \ 
‘ 
Wrre a 
Gear driven feed 
feed rolls guard. 
se/f-adjust- s wN 
ing to any 
Size wire 
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machine 
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The legs of the ; 
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can be adjus a rn š 
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indlividva! | requirements ” machan a m 
; a i i can be 

Cutting mechanism .Simpte i s removed. 

yet wholly reliable in oper- 

ation. Also showing adjust- 

ment to take up knife wear 


Mechanisms of two recently designed steel stitching machines. At 
the left, the Morrison stitcher, manufactured by the Harris- 
Seybold-Potter Company, which is available with an 8 or 20 in. 


of unusual shape. 
depths of 15, 25, 


U-post, straight post and bracket, which 
are illustrated on the following page. 

It is important to remember that this 
joining method is suited to all joining 
operations done with rivets, serews and 
glue. There are as yet no criteria estab- 
lished which will indicate comparative 
strength of similar joints made with steel 


an uprising flange in front or back of 
the stitch. Submission of the problem to 
the machine manufacturers is recom- 
mended where unusual design conditions 
have to be met. Shape of the part is not 
a serious consideration, as the machines 
are designed with a variety of work-sup- 
porting arms; drop gooseneck, overhung, 





Typical automotive applications of steel stitching for attaching tacking strips to side 
walls, weatherstripping to garnish moldings, and anti-squeak insulation to fenders 
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Spoot-holder clamp hand/e 


-Cutting block 
holding plate 


Me) a “Anvil or gripper 
| Spring Unit 

Anvil or gripper 

throwout block 


Supporter or shoe 


throat in various shaped work-supporting arms for stitching work 
At the right, the Bostitch machine has throat 
or 35 in., also furnished with various arms 


stitches, rivets or screws. Variations in 
wire used, clinching pressure, and in 
materials make mathematical calcula- 
tion of the strength of steel-stitched 
joints relatively impossible, but there is 
ample evidence that the stitch is at least 
as strong as the rivets ordinarily used. 

Steel stitching is at present being used 


Foamed latex 
cushion 


` 



















Steel | “Sme 4 
stitches stitches: 





QZZZZZZZZ 


The foumed 
latex pad is held in position on top of the 
formed steel base by a mohair covering 
stitched to the flange on the underside 


Steel stitching for cushion. 
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Reversed 
gooseneck 
arm . 
= Chneher 7” 
adjustment 


Clincher 
adjustment~ 


/ 
~ Drop 
gooseneck 
_ arm 


Overhung arm" 


_ Clincher adjustment --- 


Typical work-support heads available with stitching machines to 
permit stitching of various shaped work. These work heads of 


in a wide variety of applications such as 
fastening insulation and tacking strips 
to steel automobile interiors, fastening 
weatherstripping to windows and _ anti- 
squeak fabric to fenders. In this connec- 
tion, it should be remembered that auto- 
mobile body steel lends itself well to the 
stitching process since it is mild and 


Locomotive smoke stack liner rolled to shape and assembled with 


steel wire stitches 
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WORK HEADS 


annealed and permits easy penetration 
of the staple. 

When fastening a softer material to 
steel, it is good practice to drive the 
staple through the steel first and clinch 
in the softer material. If driven through 
the softer material first, lack of sidewise 
support causes the legs to wander and 


1 
Reversed drop gooseneck 
clincher arm 


c 


adjustment 


drop-gooseneck, overhung, U-post, straight post and bracket are 
available on both the Morrison and Bostitch machines 


a generally unsatisfactory clinch results. 

A total thickness of 34 in. can be 
stitched with machines now available; 
this of course refers to steel stitched to 
a softer material. Stitchers can also be 
adapted to clinch on a flat radius. Stain- 
less wire and phosphor-bronze wire in 
medium temper are available. 


Blower completely assembled with steel stitches. All parts are 
formed sheet steel, flanged 


Photographs courtesy Bostitch, Ine 
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Modern Designs 





New Missouri Pacific “Eagle” 


























Latest of the streamlined deluxe 
trains, the new Missouri Pacific 
“Eagles” which will operate in 
day service between St. Louis and 
Omaha were designed and built 
by the American Car and Foundry 
Company and were styled by Ray- 
mond Loewy, Incorporated. The 
trains will be powered with stand- 
ard-model 2,000 hp. diesel-electrics 
of the Electro-Motive Corporation. 


Underframe, sides and roof of 
these cars are constructed principally of 
aluminum alloys, the center sills being 
of combined angles and plates with area 
of 34 sq. in. Bolsters are low-alloy high- 
tensile steel. 





Roller bearings are used on all axles. 
The 36 in. rolled steel wheels are bal- 
anced before mounting. Wheel treads are 
ground after mounting to assure con- 
centricity. Trucks with integral pedestals 
are cast af alloy steel. Rubber is used 
extensively for sound-deadening of truck 
noises. Car sides are of girder construc- 
tion and girders are aluminum; the bot- 
tom flange is a special extruded section 
which not only forms girder support but 
also prevents the entrance of road dust. 
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| Reclining chairs, Venetian blinds and 
deej-pile carpeting feature the coach 
furnishings. Lounge rooms and a com- 
bination smoking and wash room are also 
provided. Aisle illumination is through 
ceiling fixtures having spun aluminum 
reflectors; individually controlled seat 
lights are set flush into the bottom of the 
baggage racks. The eagle insignia de- 
signed in red, gray and blue plastic em- 
bellishes the car bulkheads. The general 
color scheme of coaches is in shades of 
blue set off with a pale yellow ceiling. 
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Two complete air conditioning systems are built into 
the diner-bar-lounge car: one for the dining section and the 
other for the bar lounge so that smoky air is completely segre- 
gated. For table illumination, fluorescent lights are set above 
the windows in a light trough having translucent plastic reflec- 
tors. General illumination in the diner is through ceiling wells 
of fluorescent lights shaded with large plastic sheets. Glass 
panels separate the car lounge and diner sections. 








MODERN DESIGNS — Eleetrie Cyele Control 


RAPIp TRAVERSE rate of 250 in. per 
min. is provided by an individual 
reversing motor for approach and 
return strokes of the carriage in 
the Sundstrand No. 12 lathe. Ma- 
chine cycle is electrically con- 
trolled; no clutches or cams are 
used for machine movements. A 
standard motor drives the spindle 
and feed units. Provisions are made 
in the feed unit and headstock for 
subsequent addition of a third or 
overhead tool slide sometimes nec- 
essary for additional turning or 
facing cuts. 


Frame is of cast iron containing 35—40 
per cent steel. Base, pan, bed and head- 
stock are one-piece for rigidity and io 
permit accurate machining and align- 
ment of ways with spindle housing. Front 
carriage and rear slides are supported 
on hardened and ground steel ways. 
Rear carriage slide overhang is fitted on 
separate guideway cast integral with bed. 


9 PA RRA 
traverse 


ah 
a 
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Lathe control is centered in switch 
panel mounted on headstock cover. Cycle 
control disk is mounted on shaft driven 
from feed and rapid traverse box. Con- 
trol of machine cycle is provided by dogs 
mounted on disk. Starting lever move- 
ment energizes coolant-pump motor and 
rapid-traverse motor after which dogs 
actuate a special Sundstrand switch to 
provide a cycle of rapid approach, feed, 
rapid return and stop. The edge of the 
control disk is graduated for ease in 
adjusting dogs to various cycle settings. 
Three dogs are standard equipment; for 
intricate cycles, three more can be used. 
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Lever and cam 
to lock quitt- 
in housing 


Double 
gib 


Coolant drain screen 


Pick-off gears for spindle 





feed pick-off 
gears 


: eee eee 
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for rapid a me 


traverse 


Electric cycle contro! 


Cycle operation. At the end of rapid 
approach stroke, feed dog on disk throws 
a switch which stops the rapid-traverse 
motor and de-energizes the solenoid to 
brake the motor. At the same time power 
is supplied to the spindle motor rotating 
the spindle and starting carriage feed. 

At the completion of feed stroke, the 
rapid-return dog shuts off power to 
spindle motor and releases solenoid, 


Coolant pipe, perforated 












Nickel iron casting with 
spindle housing integral 





Automatic pressure 
lubricator for rear 


slide -assembly 


Pick-off gears 
for rear slide 


Coolant pump; 
/0 gal. per min. 


4 hp. 







Hardened and ground 
quill in honed bore | 







Sheet metal 
guard 


braking spindle and stopping carriage 
feed. Simultaneously, the rapid-traverse 
motor is reversed for carriage rapid 
return, At the completion of the entire 
cycle, the stop dog returns the main con- 
trol switch to the first position, and stops 
the carriage-drive motor and the coolant 
pump motor. After control dogs have 
been set, cycle can be checked by hand- 
cranking or by “inching” the machine. 


Propuct ENGINEERING 








age 
Tse 
pid- 
tire 
>on- 
ops 
ant- 
lave 
and- 
ine. 


ING 


Self lubricatin 
universal join 

q or rear slide 

A\ drive, 


N 

Ņ 

N 
A 


SN [oT 


| 


i 


Y7 ILIITITTTY q 
7. OS 


Te 


Universal 
Joint Pinion drives 

front carriage 

UNIVERSAL DRIVE SHAFT 


TO FRONT POWER UNIT 


Universal couplings are used on 
shafts which transmit power from feed 
and rapid traverse box to the front work 
unit driving front tool carriage and also 
driving rear carriage. 


Stud holds brake 
band in central 
position; prevents / 


band from arag- TT 


ing — brake — 
is released -~~__ d AN 
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Brake 


lLocknuts 
adjust spring 
tension 


Spindle drive motor 


Spindle-motor, adjustably mounted 
on a bracket at machine rear, drives 
through V-belts and pick-off gears to 
spiral bevel gear on spindle shaft. Feed 
gears are chain-driven from a sprocket 
mounted on end of spindle shaft. Rapid- 
traverse unit is driven by a reversing 
moter through V-belts. From feed and 
tapid-traverse box, in which is incor- 
porated an adjustable safety clutch, 
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Two locknuts” _ 
provided for adjus?- 
ment of ring gear _- 
backlash ~ ___--~ 


Add or remove shims A 
for proper gear contact --~ 


Heat-treated alloy steel spindle 
is supported at the nose end on double- 
row, opposed, precision-roller bearings 
and at the opposite end on ball bearings. 
Brakes are  solenoid-operated. Rapid 


Main drive 
Shafi r 
/ 


Spring applies brake 
band through toggle 


_--Solenoid for releas- 
ing spindle brake 


Steel guard protects 
motor from dust, 
chips and coolant 


Reversing motor 
for rapid traverse 


SPINDLE DRIVE DETAILS 


power is transmitted to worm and worm- 
wheel unit at front of machine through 
telescoping shaft and universal couplings. 

Front-tool carriage is rack-driven 
through a pinion on worm wheel shaft 
extension. Rear carriage is powered by 
a telescoping splined shaft connected 
through a universal joint to the worm 
and worm wheel unit. Pick-off gears pro- 
vide feed changes for both front and 


— u F 
N WY V Kes 
— + 
SIANSA 


WLLL Ld hb 


K a ‘£ AANS 
Á ETL KEKR 
nr: seems soe 


waz TA 


N 


CIN 


Pa S 
Vl I y 


‘Opposed roller 
bearings 


‘Locknuts for bearing 
adjustment 


T- -Locknut for adjustment 
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traverse shaft is held against slippage by 
a key dropped into shaft keyway by a 
governor. This permits use of a smaller 
brake, since the brake does not have to 
provide positive holding of the shaft. 


„Main drive 
shaft to 
spind/e 


bearings 
on main 
drive 
shaft 


‘Spindle drive motor 





rear slides. Automatic lubrication is 
furnished to all moving parts, front and 
rear carriages being equipped with sepa- 
rate force-feed lubricating units. Gears 
in headstock, feed box and power units 
are lubricated by a cascade system. 
Cross-slide adjustment is manually lubri- 
cated through an Alemite fitting. Cool- 
ant reservoir is fitted with drain screen. 
Pump can be separately controlled. 
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MODERN DESIGNS — Diesel-Eleetrie Switehers 


Yard-service locomotives of 660 


and 1.000 hp. have been designed by the 
Baldwin Locomotive Works for assembly- 
line production at their Eddystone plant, 
thus making possible the purchase of 


Diesel engine has a welded steel frame 
which forms cylinder housing and the 
upper part of the crankcase. Welded 
steel bedplate has heavy transverse webs 
which support main bearings. Pistons are 
aluminum alloy; renewable cylinder 
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locomotives from stock. The four series- 
wound traction motors are powered by a 
separately-excited generator direct-con- 
nected to a De La Vergne diesel. Loco- 
motive control is electro-pneumatic. Mo- 
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liners, of special-analysis annealed iron, 
are flanged at top and seated in the 
engine frame; rubber rings at the lower 
end seal the joint between liner and 
engine frame, permitting expansion and 
contraction of the liners as temperature 





tors are force-ventilated by two blowers 
V-belt driven from the engine. Starting 
is effected by motoring the generator 
which has a starting winding. Cab win- 
dows are fitted with safety glass. 





varies. Gear-type pump delivers oil to 4 
main supply header which services main 
bearings. Drilled passages in the crank- 
shaft and connecting rods supply oil to 
crankpin and wristpin bearings. Cylir 
der liners are lubricated by oil spray. 
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Diesels Drive Propeller Through Electric Couplings 


DIRECT DRIVE without mechanical 
connection between the diesels and 
the propeller gearing is used in the 
new Moore-MacCormack Lines’ 
freighter MORMACPENN. Electric 
couplings, operating on the squir- 
rel-cage induction principle, have 
an outer rotating-field member 
connected to the propeller gears, 
and a squirrel-cage wound inner 
member connected to the diesel. 
Interaction of the outer rotating- 
field and inner induced-field trans- 
mits engine torque. 


Single lever on control desk controls 
all four couplings installed on this new 
freighter. The couplings can be used as 
disconnecting clutches for maneuvering 
in either direction at slow speed. Half 
the engines are run ahead, the remainder 
astern; the ship is then maneuvered in 
either direction by operating the lever to 
apply field to the proper couplings and 
thus drive propeller gears with ahead or 
astern engines, as required. Couplings 
are not used to furnish speed control. 


Outer rotating member, connected to propeller gearing, Inner rotating member with squirrel cage winding is 
carries salient magnetic poles separately excited by direct mounted on the diesel engine shaft extension. Efficiency of the 
current from the auxiliary power supply. Interaction of the electric coupling is about 97.5 per cent. When driving, the cou- 
magnetic field produced by the d.c. poles of this member and plings act as torsionally flexible members and torsional dampers, 
the rotating field developed by the induced currents in the inner absorbing torque pulsations, reducing gear wear and noise and 
member creates electrical force that transmits torque. minimizing vibrations in the driven system. 
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MODERN DESIGNS 





Thermal relay, used for starting serv- 
ice with 15 and 20 watt fluorescent lamps, 
is ambient-compensated and has two very 
small bimetallic disks. Designed by the 





RANDOM JOTTINGS ABOUT NEW 
DEVELOPMENTS 


Directional signaling switeh which mounts in place of 
the gearshift knob has been developed by the Teleoptic Com- 
pany. The switch, molded of Durez plastic by Anfinson Plastic 
Molding Company. has a small sliding button which is moved 
fore or aft by tke finger. A small bulb in the lower half of 
the knob lights when the switch is on. 


Superheat thermometers developed by Fedders Manufac- 
turing Company are fitted with spring clips by which the ther- 
mometer can be clipped to Ye, 5 or 34 in. O.D. tubing. A 
copper contact button transfers heat to thermometer bulb. 
Thermometer is protected by a metal sleeve guard, which can 
be rotated for reading at any angle. 








Wrinkle finish accented with polished steel bands is used 
on the housing of the new Super-Speed L. C. Smith typewriter 
styled by Designers for Industry. Incorporated. The smoothly 
contoured housing has removable side, back and top panels. 
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Spencer Thermostat Company, this relay 
has its heater wired in series with reactor 
of fluorescent accessory. Contact opens 
in 6 sec. with inrush current of 0.47 amp. 


at 118 v., and remains open under 0.3 


mounted in two-piece black bakelite case, 
Illustrations show actual size. 


= 
E Bimeto! disk 





Low-voltage circuit breaker with Spencer disk protects 
windshield wiper motors against locked rotor. At 80 deg. F. 
normal current is 8 amp.; trips in one min. with 12 amp. current. 


Monel washer screw 


Renewable 
Monel seat. 





Fiber hub 


washer 









“Spindle packing 


Rubber and asbestos 
fiber washer 


To resist corrosion and consequent abrasion of the rubber- 
asbestos fiber washers, renewable valve seat in the Speakman 
Hi-Seat valve is of Monel. Washer retaining screws are also 
Monel. Renewable washers are incased in swivel disk. 
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VERTICAL SHAFT DESIGN 


With Calculations for High Speed Rotor Effects 


PART from designing for func- 
tional performance, there are 
many problems common to the 

design of various types of equipment in 
which heavy parts are fastened to and 
are rotated by vertical shafts. These 
common problems include choice of 
shafting diameter, the selection of type 
and spacing for bearings, and drive 
arrangements. 

In general, machines with vertical 
shafts can be classified as either low 
speed machines in which the peripheral 
speed of the rotating member is less than 
600 ft. per min., or as high speed ma- 
chines when that speed is exceeded. 

In slow machines, failure of shafting 
will most likely result from not consid- 
ering the fatique properties of the shaft- 
ing, the shock loads to be encountered, 
or the twist and deflection caused by 
torsional and bending moments. 

When T, = total torque transmitted 

at shock load, in lb. 

S, = shearing stress for shaft 
material at endurance 
limit. Ib. per sq. in. 

d = shaft diameter, in. 

the diameter of shaft necessary to trans- 
mit a given torque load can be derived 
from the well known equation. 


T = = S. d (1) 
16 
Using a safety factor of 3 (which is 
usually satisfactory for cold rolled steel 
shafting in which there are no keyways 
or stress raisers) and solving for d, 
Equation 1 becomes 


1 
T \% 
amzah 3) (2) 


When S, is equal to approximately 0.5 
Sa Equation 2 becomes 


a-3.128(7)* 
= 3 8 S. (3) 


Since most vertical shafts operate 
under conditions where shock is a vari- 
able component, further analysis can be 
made through a consideration of the em- 
pirical relation which takes into account 
superimposed static and alternating 


stresses 
S y 
3 S 
Ss, =—- [: — 2( -)] (4) 
3 Sy 


in which S, = superimposed alternating 
stress, lb. per sq. in. 
S. = endurance limit of ma- 
terial, lb. per sq. in. 
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S, = static load working stress, 
lb. per sq. in. 
S, = stress at yield point, lb. 
per sq. in. 
From Equation (4) it is possible to 
arrive at an equation for the shaft diame- 
ter d in which 


T. = additional torque transmitted 
at shock load, in. 1b. 
T, = normal torque transmitted at 


shock load, in. Ib. 


ha 
= 3.128 3 8, 
[| 


A shaft so designed is correct for 
strength under a condition of pure tor- 
sion. It may not, however. be stiff in 
regard to torsional deflection. 

Angular twist or deflection of solid 
circular shafts can be determined from 
an equation in which 


~ 
| 


ð = angular deflection of shaft. 
radians 
L’ = length of shaft from point of 
power application to point 
of rotor attachment., in. 
E, = modulus of elasticity in shear. 
lb. per sq. in. 
10.186 TL’ 
-e Oo 
When the angular deflection is limited 
to one degree in every twenty diameters 
of shaft length, from Equation (6) d 


becomes 
] = 22 ( Tr \’3 
d = 22.7 - (7) 
E. 


Shafts calculated to resist only torque 
may still be deficient, if no consideration 
is given to the bending moments brought 
to bear on the shaft by attached rotor 
elements when the axis of rotation does 
not exactly coincide with the principal 
axis of inertia of the rotor because of 
small irregularities. 

The centrifugal force F, in lb. produced 
by a balanced or near balanced rotor of 
weight W 1b.. as shown in Fig. l, ro- 
tating at V r.p.m. at a distance K from 
the center line of the vertical shaft is 


F = 0.102 W K (N/60)? (8) 
and the deflection K produced by force F 
acting on a free end shaft of length L in 
in., having a modulus of elasticity in 
tension E, is 


x. “FP. 0.70( 5a) (9) 


(6) 


— S34 Edt Ed 


Since the small eccentricity of the axis 
of rotation and the axis of inertia of a 
theoretically balanced rotor cannot be 
determined from design calculations, the 
deviation of the rotor and shaft assembly 
from the theoretical center-line of the 
shaft may be taken as distance K alone, 
and from Equations (8) and (9), in 
which the terms K and F drop out, and 
from which is obtained the equation 


rar a\ 5 
273 4 
i- (FEV ss aw 


which, for a free end shaft, is the mini- 
mum diameter necessary to withstand 
the bending moment set up by forces 
caused by discrepancies in rotor balance. 
Similarly for a shaft held by bearings 
above and below the rotor, the equation 
for the deflection K produced at the load 
point by a centrifugal force F because of 
a slightly unbalanced rotor, where a is 
the distance between rotor and bearing 
A in inches and b is the distance be- 
tween rotor and bearing B in inches, is 


_64F eR 6.92F ab 
 3rLEd LE” 

By combining Equations (8) and (11) 
to eliminate F and K, an expression for 
the diameter of the shaft is arrived at 
for a shaft held by bearings above and 


K (11) 





below the rotor 


a 1 
WN? ab? \4 
d= (t) 8.5 (12) 


From Equation (11) when the shaft 
is held above and below rotor by self- 
aligning bearings so that a equals b 
equals L/2 


nA PT3 3 
we - oa ( p) (13) 
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and by combining Equation (13) with 
Equation (8) 


1/7 
W N? L?\“ 
(8) d= (=F) 17 (14) 


These equations for checking the cal- 
culated shaft diameters for bending may 
yield a value for d which is smaller than 
the value obtained through the use of the 
torsion equations. The maximum value 
for d as given by any of the three equa- 
tions (two for torsion and one for the 
particular bending condition which fits 
the design) is the value which should be 
selected pending the final review of the 
value so obtained for combined bending 
and torsional moments. Taking M, the 
maximum bending moment for the shaft 
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FIG. 1 


Fig. 1—Free end shaft with nearly bal- 
anced rotor 


diameter as calculated by the particular 

instance of bending-check equation, as 
equal to 

m S. d? g 

M = - (15) 


32 


and using the value so obtained in 


; Lg 
as [( £) (T? + M2)! | (16) 
TOs 


it is possible to check the previous values 
of d. Should the value as given by Equa- 
tion (16) exceed the value previously 
selected on the basis of the torsion and 
bending equations, then this larger value 
should be used. The value given by 
Equation (16) should be disregarded if 


it is less than the torsion or bending 
equation values. 
Small shaft diameters are of course 


desirable, particularly in constructions 
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where the shaft passes through a stuffing 
box assembly since a minimum surface 
speed of the shaft has many advantages. 
However, adherence to the foregoing 
rules is important if distortions and vibra- 
tions of the shaft are to be prevented or 
reduced to a minimum. Vertical shafts 
which do not comply with the foregoing 
rules are likely to intensify bearing prob- 
lems especially if self-aligning bearings 
are not used. 

After determining the size of the shaft, 
the next problem is the design and selec- 
tion of the shaft bearings, and the loca- 
tion of the same. 

The magnitude of the axial thrust on 
a vertical shaft is of course equal to the 
sum of the weight of shaft, the weight of 
rotor or rotors, the axial components of 
forces set up by functional operation of 
the machine, and (if the machine is 
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Fig. 3—Rotor shaft guided by bearings 
above and below rotor 


sealed against atmospheric pressure) the 
force set up because of the difference in 
absolute pressure in and outside the ma- 
chine which may cause either a negative 
or positive thrust on the shaft. 

Calculation of the radial loads on any 
two bearings guiding a vertical shaft 
depends on the location of the bearings 
with respect to the rotor member or mem- 
bers. Where several loads act upon the 
same span of shaft or where any single 
rotor produces a distributed load. the 
loads should be resolved to a single con- 
centrated load at one location on the 
shaft. 

Since the radial load on the guide 
bearings depends on the bending moment 
imposed on the shaft, the bearings should 
be selected or designed to take the maxi- 
mum bending moment which the chosen 
shaft can resist, or 
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[ră _ «dS, a 
M = E s.(4r)] /d = -33 (15 


For a free end shaft of length L in., the 
maximum moment is 
M=FL (17) 
Combining Equations (15) and (17) and 
solving for F 
F = 0.008 & S (18) 
L 
For a shaft having two bearings above 
the rotor, as shown in Fig. 2, let Æ be 
the top bearing and B the lower bearing 
and the span between them be Lı inches. 
and L be the distance from bearing B to 
the rotor then the radial thrust on bear- 
ing Á becomes: 
7 Y 3 
Re = i = 0,098 oe 


and on bearing B 


(19) 


~ Y 3 ( 
Ba F(L+ Li) _ 0.one| S74 + lao 


Lı 


For a shaft supported above and below 
the point of attachment of the rotor as 
shown in Fig. 3, the maximum bending 
moment will occur at the point of attach- 
ment and is given by the equation: 


= —— (21 


Combining equations (15) and (21) and 
solving for F, it is possible to arrive at 
the expression: 


F = 0.098 ()s. d? (22) 
ba 


The radial load on bearing A is then: 
y 3 
Eeste 0.08 ( oe ) (23) 
L a 


and on bearing B 


i kä 
OE a (55) (24) 





L ) 


In designing any rotating assemblies, 
it is important to consider the service 
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factor which should be applied to shaft 
guide bearings. This factor for bearings 
in mixer units and centrifugal pumps 
should have a value of 1.5 to 2. As ap- 
plied to shaft design, the service factor 


for bending should be from 1.5 to 2 and” 


1.0 to 1.5 for torsion. The values 1.5 to 2 
are used in high viscosity range. 

Where a guide bearing separates an 
agitator shaft into spans, the load acting 
upon the bearing can be considered to 
be the resultant of individual loads acting 
on the bearing from each span, where the 
individual loads are the loads produced 
by the rotors in each individual span, 
neglecting the influence of the succeeding 
span or the gyroscopic action produced 
at the bearing by loads held close thereto. 
Thus where the shaft diameters and 
spacing of bearings have already been 
determined, it becomes possible to select 
the proper type of bearing from a knowl- 
edge of the magnitude of the thrust and 
radial loads. Where a friction bearing 
seems to be desirable for supporting a 
radial load, the proportions of the wear- 
ing members can be determined from 


P = E (25) 
where L = length of wearing member, 
in. 
d = diameter of agitator shaft, in. 
F = load on bearing in 1b. 
P = bearing pressure in lb. per 
sq. in. for the two metals in 
“contact” and for the con- 
dition of lubrication. 


The foregoing equations for determin- 
ing the load on vertical shaft guide bear- 
ings are based on the ability of the de- 
signer to determine the point of con- 
centration of the weight of the rotor 
member. Naturally, unusual eccentricities 
in balance or failure to properly estimate 
the point of concentration of weight will 
give faulty results. In general, it may be 


Stationary seal ring 


said that since bearings under the condi- 
tions of starting and stopping of the shaft 
should reduce the amplitude of the vibra- 
tion to a minimum, and should minimize 
the effects of vibration magnification fac- 
tors such as sudden unbalanced loads, 
good practice precludes friction type 
bearings in which the ratio of length of 
the wearing member to the nominal 
diameter is less than 1 to 1. In general, 
for guide bearings which are submerged 
in liquids or semi-liquid ‘materials the 
ratio will vary from 2 to 1 where the 
material has good lubricating qualities, 
to 3 to 1 for liquids having poor lubri- 
cating properties. 

Bearing for agitator shafts which are 
inside the tank and above the level of the 
liquid phase are subjected to the pos- 
sible effects of vapors or the solvent effect 
of condensed vapors upon the bearing 
lubricant. Friction type bearings which 
operate submerged in materials contain- 
ing gritty components capable of scoring 
the shaft or the inside of the wearing 
member necessitate special consideration. 
Fig. 4 shows a guide bearing assembly 
ef simple construction involving an anti- 
friction bearing which can be located 
above the liquid phase and in presence of 
vapors at or near atmospheric pressure, 
this type is also satisfactory when work- 
ing submerged in the liquid phase, but 
not to be subjected to a hydrostatic 
head of more than 2 ft. Pressed into both 
gland ends of the bearing housing are 
Garlock standard leather Klozures. 
These are capable of sealing the oil 
necessary for the lubrication of the bear- 
ing and also of preventing condensate on 
the shaft, and to some extent vapors and 
liquids under small heads from entering 
the bearing proper. 

The bearing assembly of similar con- 
struction, shown in Fig. 5 is designed to 
take the thrust load of an agitator assem- 
bly. Bearings submerged in liquids and 
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Fig. 7--Thrust and radial load bearings for submerged service 
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Fig. 8—Method of supporting bearing assembly with tie-rods 
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TABLE I 
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DISTANCE OF 


BEARING A 
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BEARING B 
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CRITICAL SPEED 
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Self-aligning. . 


eee 


subject to large heads, or bearing assem- 
blies in contact with vapors under high 


pressures require more complicated 
assemblies. Fig. 6 shows a guide bear- 


ing assembly with spring pressure seals 
capable of sealing against heavy liquid 
or gas pressures and of course also 
capable of retaining necessary lubricant. 

A thrust bearing assembly for oper- 
ating submerged in liquids under high 
pressure is shown in Fig. 7. Similarly. 
combinations of bearings taking thrust 
and radial loads within one single hous- 
ing are possible and very practical for 
some step bearing assemblies. 

Provision of adequate supports for 
guide bearings is frequently a source of 
much annoyance to designers of mixing 
and other types of equipment, particu- 
larly where it is important to correct, 
after first assembly, the alignment of the 
guide bearings, or where it is necessary 
to align the shaft and bearings after re- 
pairing or overhauling work. Fig. 8 shows 
an assembly designed to meet these con- 
ditions. Four shoulder threaded lugs are 
provided around the center section of 
the sealed guide bearing assembly. Four 
rods screwed into the nuts are connected 
by turnbuckles to rods held in braces 
attached to the walls of the tank. By 
providing braces that have some resilience 
it is possible to dampen the severe vibra- 
tions inherent in long lengths of shafting 
when starting and stopping under load 
and thus reduce tendency to score shaft. 

In some of the speed ranges encoun- 
tered in the design of high speed ma- 
chines, the problem of selecting the 
proper diameter of shafting as well as 
the problem of spacing the shaft bearings 
are complicated. These complications 
arise because in addition to torsional 
and magnified natural vibrations caused 
by the influence of various factors 
there exists the possibility of ap- 
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proaching a critical speed for the 
shaft. The critical speed of a shaft is 
that speed at which the elastic forces 
of the shaft are completely neutralized 
so that the shaft is incapable of resisting 
deflecting forces such as the encountering 
of even the slightest unbalanced load. 
The critical speed for any shaft is that 
speed at which the angular velocity 
(r.p.m.) is in resonance with the fre- 
quency of natural vibrations. The criti- 
cal speed of any shaft is determined by: 

(1) diameter of the shaft. 

(2) magnitude of loads carried by 
shaft and the location of the same with 
respect to the location of the bearings. 

(3) the type of bearings used and 
their spacing. 

The severity of the shaft deflections 
produced at any speed are proportional 
to, above all, the extent to which the cen- 
ters of gravity of the various loads deviate 
from their theoretical location at the 
center line of the shaft. At the critical 
speed, the slightest amount of unbalance 
in a turbine, propeller or high speed im- 
peller unit is likely to deflect the shaft 
to infinity, causing it to fail. Hence a 
balanced rotor is of greatest importance 
to any high speed type of machine. The 
equations given in Table I will serve, for 
the given conditions, to locate the theo- 
retical critical speed for a machine shaft 
of the single span type, or where all of 
the load is located on one span of the 
shaft if the shaft bearings divide the shaft 
into several spans. 

Bearings of the self-aligning class, re- 
ferred to in Table I include friction bear- 
ings of the type in which the propor- 
tions of length of wearing sleeve to nomi- 
nal diameter of shaft equals or is less 
than 2 to 1. Rigid bearings include fric- 
tion bearings in which }/d of the wear- 
ing member is greater than 2 to l, or 
bearing assemblies involving non-self- 
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aligning multiple rows of anti-friction 
bearings. It should be emphasized that 
the critical speed as determined by the 
above equations is the theoretical critical 
speed, and that the point of maximum 
sensitiveness of a shaft—the actual and 
practical critical speed thereof—vwill 
occur at any angular velocity somewhat 
higher than the theoretically calculated 
figure. Just how much higher than the 
calculated velocity the actual critical 
speed will occur is influenced by several 
factors, since rotors operating at close 
distances to guide bearings exert a gyro- 
scopic action which tends to straighten 
the shaft, also rotors with properly de- 
signed hubs when fitted onto the shaft 
exert a stiffening influence on the shaft, 
and in addition, to some extent, a damp- 
ening influence is exerted on the shaft by 
the work load. 

In view of the fact that where any two 
consecutive loads function on the same 
span of shafting there will occur a nodal 
point at some point between the two 
loads (the actual location of the nodal 
point being some function of the magni- 
tude of the individual loads) and thereby 
decrease the magnitude of the deflection 
to be expected from the influence of any 
single load, complicated calculations for 
determining the critical speed or speeds 
which involve a serious consideration of 
each of the individual loads acting on a 
multiple rotor shaft will give an illusory 
exactness. It is therefore good practice 
in considering a multiple rotor shaft, 
where all rotors located on same span. 
to determine a mean point of load appli- 
cation and to consider the weights of the 
separate rotors as concentrated at the 
mean point. Only for multiple span shafts 
where the loads on a multiple rotor shaft 
are distributed through two or more 
spans will the above listed equations be 
found to be without application. 
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PRODUCT FINISHES-I 


Causes and Remedies for Finishing Troubles 


ERELY specification of the cor- 
rect finish to use does not assure 
its proper application. It is 

therefore to the advantage of every engi- 
neer who specifies product finishes to be 
able to detect quickly causes of the de- 
fects and to suggest remedies. As set 
forth in the following tabulations, in the 


GORDON H. ROBERTSON 


Sherwin-W illiams Company 


majority of cases simple changes and 
manipulations which can be made in the 
finishing room will overcome the difficul- 
ties with a minimum loss of time. 
More basic, however, than many reme- 
dies is the proper cleaning and treatment 
of the surface prior to the finishing opera- 
tion. Degreasing may be accomplished 


by any one of a variety of accepted 
methods: alkaline, solvent cleaning proc- 
esses, or chemical cleaning. Chemical 
treatment of the metal surface with etch- 
ing agents has been attaining wider 
usage since it contributes greatly to the 
procuring of the desired finishing 
results. 


TABLE I—REDUCERS FOR INDUSTRIAL FINISHES 


Because flow, drying time, and gloss as 
well as other important characteristics 
are dependent upon use of exactly the 
right solvent, the following list, which in- 
cludes the more important solvents, to- 
gether with an index of evaporation rate 


and solvent strength, is provided. Indus- 
trial paint and varnish reducers, other 
than those specially blended for use with 
specific materials, resolve themselves into 
different groups based partly on origin 
and partly on performance. The impor- 


Industrial Reducers 


tance of a proper choice of reducers will 
be emphasized in the tabular listing of 
common finishing troubles, causes and 
remedies, which follows the table on in- 
dustrial reducers and which lists com- 
mon faults, causes, and remedies. 








RELATIVE RELATIVE RELATIVE RELATIVE 
EVAPORATION SOLVENT EVAPORATION SOLVENT 
RATE STRENGTH RATE STRENCTH 
l. Hi Test Petroleum Naphtha.......... 0.7 35 *3. Denatured Alcohol ................. 15 
i NS srieiccdvedadnegwwias 2.0 35 
PMN INI sic excuses cueeneennes 11.0 35 We ON obi cds cod oad ORS eRe A 1.0 95 
Retardent Mineral Spirits............. 90.0 40 Selwemt Naphtha .........cccccceces 3.0 90 
RD, tenis bawASEROS ene cxenawes's 90.0 31 Hi Flash Naphtha..................- T. 7 
2. Hi Solvency Naphtha No. 1.......... 1.0 79 5. Gum Spirits of Turpentine.......... 6.0 61 
Hi Solvency Naphtha No. 2.......... 4.5 80 Wood Terpemting: «6 .ccsceccscccces 6.0 65 
Hi Solvency Naphtha No. 3.......... 18.0 72 SOON: 6c vicacccccncesvccadiewede 10.5 66 





* Relative solvent strength not shown because denatured alcohol is a solvent for only spirit-type finishes and is not adaptable to 


Kauri-Butanol ratings. 


1. Evaporation 


Measured by the time in minutes, re 
quired for one drop to evaporate from 
filter paper. 


2. Solvent Strength 


The ratings express the Kauri-Butanol 
value, and are meant as a general indica- 
tion of solvent strength; the higher the 
number, the greater the solvent strength. 

Knowledge of the reducers and their 
proper use can often be very helpful in 
adjusting application procedure to over- 
come faults brought about by local or 
atmospheric conditions. 
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Ratings 


Because of the many variables to be 
considered, no definite rule for choice of 
solvents can be set forth, but the follow- 
ing suggestions may be helpful: 


a. If, when using the recommended 
reducer, in proper proportions, there is 
a tendency for the finishing material to 
run off the surface, desirability for a 
faster evaporating reducer is indicated. 
Choose a faster solvent from the same 
group; or conversely, if flow is poor, use 
a slower thinner. 


b. Orange peel, if encountered despite 
proper spraying, may be minimized by 


using a slower evaporating thinner from 
the same group. 


c. On very cold surfaces a faster 
evaporating reducer from the same group 
may produce better flow and smoothness. 


d. On hot surfaces, a slower thinner 
from same group allows adequate flow. 


e. If the material in a dip tank tends 
to separate or body excessively, the addi- 
tion of a stronger solvent is desirable. 
Therefore, the safest course is to get in 
touch with the technical department of 
the manufacturers. 


(Continued on next page) 
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1. “Breaking” of Liquid 


CAUSE 


A. Wrong solvent used 


B. Subjected to unusual conditions of heat or cold 





C. Over-reduction 


D. Reducer added too fast without sufficient stirring 


I 


. Natural oxidation of the material if allowed to remain open to 
the air over a period of time 


isi 





Nore: 


TABLE II—PRODUCT FINISHES 


Common Finishing Troubles—Causes and Remedies 






REMEDY 


A. If the break is slight, the slow addition of the stronger solvent. 
along with constant agitation, may effect a good result. 

B. Keep material at a temperature from 70 deg. F. to 75 deg. F, 

If break occurs because of extreme of either heat or cold, the 

treatment is similar to correction E. 


C. Follow directions for proper reduction. If material already 
over-reduced, addition of fresh material will often bring entire 
batch back to proper state. Agitate thoroughly. 


D. Add reducer slowly, stirring constantly. 


E. Addition of proper amounts of solvent plus infusion of fresh 

material will put batch into condition if oxidation has not pro- 

ceeded too far. 

It is usually well to choose a reducer of greater solvent strength 
than originally recommended. Solvent should be chosen as 
indicated above. 


If the break is too pronounced, it may not be possible to put the material back into condition satisfactory for use. 





2. Skinning of Liquid 


While it has been possible to a large extent to minimize skinning, 
it is something which will occur to a varied degree whenever any 
air drying enamel is exposed to the air. Skinning can be almost 


CAUSE 


4. Absorption of oxygen caused by agitation, aeration, ex- 
cessive amount of drier, heat, or solvent evaporation or all of 


these 


entirely eliminated in baking enamels where tank conditions are 
reasonably good. 


REMEDY 


A. Make sure that containers in which the material is stored are 
air tight. | Dipping tanks should preferably have an oil or water 
sealed cover and cover should be in place whenever tank is not 
in use. Whenever conditions are such that skinning cannot be 


overcome by normal means, consult your supplier. 


Nore: To avoid skinning during storage of open containers, or during long disuse of dip tank, the following precautions should be observed: 


a. Oil-type materials — cover remaining contents of partially filled 
container with small amount of turpentine before sealing 





3. Excessive Settling 
CAUSE 
A. Over-reduction or improper thinner. 


B. Too rapid addition of thinner, causing break. 





b. Synthetic type — cover remaining contents of partially filled 
container with small amount of synthetic reducer before sealing. 





REMEDY 
A. Follow thinning instructions of manufacturer. 


B. Add thinner gradually, stirring constantly. 





4. Sagging Film—Curtaining 
CAUSE 


A. Sagging is caused either by over-reduction or by use of too slow 
a solvent. 


B. Application of too heavy a coat. 
C. Draft condition. 


D. Strong sunlight causing top drying and consequent later slip- 
page of film on vertical surfaces. 


E. Uneven distribution of spray coating. Poor atomization. Un- 


even spray pattern. 


F. Jerky operation of equipment for withdrawal from dip tank. 


REMEDY 


A. Use the proper solvent consistent with the general nature and 
temperature of the surface to be coated. Refer to information 
on industrial reducers given above. 

B. Apply thinner film. Apply with coat followed by full wet coat. 

C. Eliminate draft. 


D. Avoid application in strong sunlight. 


E. More careful application. Avoid excessive overlays. Check 


spray for pattern. 


Try surface agitation. 
"a 


Table continued in May PRODUCT ENGINEERING 


F. Repair or redesign equipment. 
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OOLING costs as a rule favor 
the sand casting when only the 
cost of the die required is com- 
pared with the cost of patterns. Pattern, 
core box and match plate cost sometimes 
runs up to or above 25 per cent of die 
cost. Tooling for machining the sand 
casting is likely to exceed that for ma- 
chining the die-casting, and in some 
instances a greater number of machine 
tools are used in the production line for 
the sand casting. In certain instances 
tooling for machining brings the total 
cost for tools for the sand casting above 
the total for the die-casting. In the die- 
casting, holes are usually cored so near 
size that only reaming is required. As 
against this, drilling or boring and ream- 
ing are necessary on the sand casting, 
perhaps with separate jigs for both 
operations. Again, holes which require 
tapping are usually cored to tapping 
size in the die-casting, or the thread 
itself can be cast. In the sand casting, 
holes must be drilled as well as tapped. 
In machining operations such as facing 
of bosses or flanges, tooling is likely to 
be more expensive for the sand casting, 
if for no other reason than that heavier 
cuts are required. When changes in de- 
sign are necessary after die-casting dies 
or sand-casting patterns are made, the 
latter usually can be altered with less 
expense than for a casting die. 
Die costs are commonly distributed 
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DIE CAST OR SAND CAST-Il 


HERBERT CHASE 


and amortized by dividing these costs 
by the number of castings which are 
quite certain to be required. Pattern costs 
should be distributed and amortized in 
the same manner. If the saving per piece 
including machining in both cases mul- 
tiplied by the number of pieces figured, 
equals or exceeds the difference between 
the die cost and the cost of pattern, core 
box and match plate, it may be well to 
invest in the die. 


PRODUCTION RATES are generally much 
higher for the die-casting than for the 
sand casting, providing the comparison 
is made between the number of cycles per 
hour. Of course, if production from a 
match plate having many impressions is 
compared with that from a die having 
one or very few cavities, the two may 
be equal or even favor the sand casting. 
50 cycles an hour is about the lowest 
rate for die-castings, even in large sizes, 
and it runs up to 1,000 cycles an hour 
for some medium to small die-castings; 
the average probably being between 200 
and 300 an hour. This is equal to or 
greater than the average number of 
molds made per day on a molding ma- 
chine, hence the die casting machine 
runs on an average eight or more times 
faster than the molding machine. With 
the latter, there must also be considered 
the added time and labor for casting and 
for breaking up molds and sand handling 
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not required in die casting. Removal of 
fins, gates and sprues is involved in both 
processes, but is likely to be much more 


rapid with the die-casting. 


MATERIAL costs, especially on a basis 
of equal volume, are quite sure to favor 
the gray iron sand casting, as the iron 
used costs around 1%4¢ per lb. in pigs 
and costs for sand and fuel are not high. 
As against this, zinc alloy ingot has 
averaged around 814¢ per Ib. for several 
years, with no sand to consider and the 
fuel costs are low. If, however, the die- 
casting can be made much lighter than 
the sand casting and still perform the 
same function as well or better, the ad- 
vantage of lower material cost for the 
sand casting is reduced or perhaps even 
eliminated. 

Cost per pound of castings, as distinct 
from pigs or ingots, varies widely with 
the size, shape, coring and quantity re- 
quired. For rough approximations, how- 
ever, one large user of both types fig- 
ures 5 to 10¢ per lb. for gray iron sand 
castings (not machined) and about 10 
to 25¢ per |b. for unfinished zine alloy 
die-castings. 


MACHINING costs have been mentioned 
and clearly favor the die-casting. as there 
is less metal to be removed and dimen- 
sions are held within closer limits. More- 
over, the advantages of coring either 
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reduces the machining of openings or 
eliminates such machining. If the part 
must be polished, either for plating or 
other finishing, the much smoother die- 
casting reduces the cost of grinding, 
polishing and buffing. Flanges against 
which gaskets fit can sometimes be used 
without machining the face of the die- 
casting, whereas a similar sand casting 
would be too rough and require facing. 
Die-castings do not have sand inclusions 
the presence of which in sand castings 
often dulls tools. 


FINISHING costs are usually higher for 
the sand casting where plating is re- 
quired, as this necessitates grinding, pol- 
ishing and buffing to obtain a smeoth sur- 
face. However, if smoothness is not a 
consideration (as for hidden parts) fin- 
ishing costs may be the same. Except for 
parting lines, many die-castings require 
only buffing, and those which need grind- 
ing and/or polishing require less labor 
for this than do sand castings. Iron sand 
castings are subject to red rust if not 
painted. Zinc alloys tarnish and some- 
times show white oxide if used where 
moisture accumulates, and similar 
effects are seen on aluminum and mag- 
nesium die-castings. Nevertheless, both 
zinc and aluminum types are extensively 
used without any applied finish and yet 
remain in acceptable condition in most 
exposures. 


SELF-FASTENINGS and inserts constitute 
fairly important factors favoring econ- 
omy in the die-casting, and having no 
real counterpart in the gray iron sand 
casting. Although integrally cast fasten- 
ings may increase casting costs slightly. 
the economy realized in assembly more 
than offsets this. Projections, solid or 
hollow, are formed on the die-casting and, 
at assembly, are headed or spun over 
for fastening the casting to another part. 
eliminating screws, bolts and rivets 
and the cost of supplying and handling 
these. Inserts cast into die-casting such 
as bushings, anchored pins or hardened 
portions may have properties not afforded 
by the casting itself. 


STRENGTH AND DUCTILITY are often im- 
portant and favor the die-casting, as 
Table I shows. Tensile strength is seldom 
of much practical importance as neither 
type of casting is used much in tension. 
Compressive and transverse strength are 
more important, and impact strength 
perhaps in a still greater degree. Impact 
strength is high for a cast material in 
zinc alloy die-castings, and still higher 
in brass die-castings. It is materially 
lower in aluminum and magnesium die- 
castings but still is higher, in general, 
than in gray cast iron. In respect to 
ductility, the zinc alloys and the brasses 
rank high (as cast materials run) where- 
as gray iron castings are low. 
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HarpDNEss is best compared by refer- 
ence to Table I, but is higher even for 
well annealed cast iron than for most 
die cast alloys. Hardness is an advan- 
tage in respect to wear resistance but, 
at least in combination with some other 
properties, may increase machining dif- 
ficulties. Freedom from cold flow which 
is a desirable characteristic of cast iron, 
is an advantage in many machine and 
similar parts. It is obtained in about 
the same degree in some of the die 
casting alloys. Some die casting alloys 
are subject to cold flow (permanent set 
under load) at room temperatures, for 
which effect allowance must be made in 
designing parts in which this property 
is significant. Some cold flow also occurs 
in cast iron. 


TEMPERATURE EFFECTS are not often a 
factor of importance as between sand 
cast and die cast parts, but sometimes 
they are significant. Zinc alloys are not 
recommended for prolonged use at tem- 
peratures above 250 deg. F., and their 
impact strength falls off rapidly at tem- 
peratures below normal room tempera- 
tures. Despite this, die-castings are used 
in large quantities in automobiles and 
trucks, which are subjected to low tem- 
peratures and rarely fail in service. Those 





exposed to quite high temperatures nder 
the hood also give many years of trouble- 
free service. Aluminum and bras- die. 
castings withstand even higher ten) pera. 
tures than the zine type. Cast iron can 
be used at still higher temperatures with. 
out adverse effects of importance. 


APPEARANCE usually favors the die-cast- 
ing on the score of smoothness, color. 
somewhat lesser effects of ordinary cor- 
rosion, and fine detail with sharp corners 
when required. The last two are especially 
important where trade marks, lettering 
and the like have to be cast in, or where. 
as in automobile radiator grilles, square 
edges of grille bars must provide sharp 
lines not attained in sand castings or 
even in stamped parts. 

The following actual case histories are 
based on parts which are or have been 
in actual production in die cast and/or 
sand cast form. Those not produced by 
both methods have been carefully fig. 
ured for both types of production and 
one type selected for reasons given. Ac- 
tual data in the examples given sup- 
ports the foregoing conclusions as a 
whole, and also in nearly every respect. 
The examples are instructive, however, 
as they constitute concrete evidence from 
a wide variety of applications. 




































Compound rest swivel for lathes. 
Both sand castings and die-castings have 
been used, they are not identical but are 
similar and perform the same -function. 
Sand castings are in “semi-steel gray 
iron” molded from a four-impression 
match plate which cost $75 and took two 
weeks to make. 30 pieces are cast per hr., 
and cost 15¢ ea. Machining costs 59¢ and 
lacquering (including cleaning) 3¢ per 
piece, or a total of 77¢ per finished piece. 
The sand castings weigh 3 lb. before, and 
2 lb. 7 oz. after, machining. The sand 
casting permits a precision ground finish 
on the beveled surface to take graduations 
and also permits a wedge type compound 
clamping means for which the die-cast- 
ing is a little too soft. 


Die-castings in A.S.T.M. 25 zinc alloy 
are produced at the rate 250 per hr. in 
a single-cavity die, which cost $450, in- 
cluding fin removing tools. Castings 
weigh 1 lb. 8 oz. and cost 27¢ each. 
Machining costs 6.5¢ per piece and 
lacquering 1¢ per piece, making the total 
cost per piece 344¢. The saving of 424¢ 
per piece would more than amortize the 
cost of the die over that of the match 
plate for 1,000 parts, figured for each 
type of casting. Other advantages named 
for the die-casting are better equip 
ment. Graduations, as can be seen in 
the illustration, on the die-casting are 
raised, being cast on the piece, a pr 
cedure not ordinarily feasible in the sand- 
casting. 
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Washing machine housing is the 
largest casting on which comparative data 
have been secured. Initially it was de- 
signed for casting in gray iron, but high 
machining costs resulted in a shift to the 
housing die cast in zinc alloy shown at 
the top of illustration, before production 
in large quantities was attained. This die 
cast housing was used for several years, 
after which efforts to reduce costs led to 
the experimental design of cast iron case 
shown in the center of the illustration. 
The iron casting weighed 15 1b. as against 
ll lb. for the die-casting and required a 
separate stamped saddle to support the 
electric motor and separate brackets for 
attaching the casting to the skirt of the 
washing machine. Despite these extra 
parts, which are integral with the die- 
casting (the U-shaped steel stampings 
which straddle the motor bearings and 
support the motor being cast in place), 
the sand casting promised, in careful 
estimates, to effect a net saving of about 
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Cast iron 


Linc die-casting 





20 per cent. The sand casting required 
four extra machines in the production 
line for drilling holes which are cored 
in the die-casting, however, and necessi- 
tated the use of a large grinding wheel 
for facing the bottom surface to make a 
tight fitting gasket for the stamped cover. 
As against this, the die-castings were 
furnished with the bottom face suff- 
ciently smooth and true to make no ma- 
chining by the purchaser necessary on 
this face. 

Having established this estimated sav- 
ing in cost for the sand casting, it was 
decided to determine whether, by suit- 
able redesign, an equal saving could not 
be effected in a die-casting. The result 
was the die-casting shown at the bottom 
of the illustration. It weighs 8 lb. 9 oz. 
but represents no sacrifice in strength or 
in rigidity as compared with the sand 
cast case, a typical section of which is 
shown, or as compared with the first die- 
casting. As with the latter, it includes 


the cast-in stamped steel supports for 
the electric motor and integral lugs for 
attachment to the skirt of the washing 
machine. A sectional view shows the thin- 
ner material in the die-casting as com- 
pared with the sand casting. By using 
this triangular section, considerable ma- 
terial is saved and strength and stiffness 
are increased to parity with that of the 
sand casting. 

With the latest die-casting, there is a 
considerable saving in machine work as 
compared with the sand casting, and the 
investment in extra machines is avoided. 
As a net result, the saving of the new 
die-casting over the old is nearly the same 
as that estimated for the sand casting. 
Advantages gained by the new die-cast- 
ing as compared with the sand casting 
include: lighter weight; fewer parts to 
stock, handle and assemble; smoother 
castings which are better in appear- 
ance and a machining line with fewer 
machines. (Continued on next page) 
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signed both for casting in gray iron and 
for die-casting in zinc alloy and actual 
estimates of costs in both forms were 
secured. The corresponding parts are 
not exact duplicates, but each is designed 
to gain minimum production cost for the 
respective method of production and still 
meet service requirements. The result 


Type or Part 


Material 
**Estimated, *Used. 
Total tooling cost............ pt oh a 
Approx. number required per year... .. 
Type of applied finish. 
i Approx. cost of required mac hining 
i Total cost per piece including machining 
i finish when used. 
Ti Weight of casting, ounces... .. 


Advantages gained by using: 
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Part B—Die Cast 


Business machine parts were de- 


+005 Pa rt A 
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— Sand Cast 










& drill $ "diam. c'hore 
x3 deep; 2holes. 
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is the use of somewhat thinner sections 
for the die-casting in the two instances, 
but other significant dimensions are the 
same, so that the parts could have been 
used interchangeably if produced both 
in sand cast and in die cast form, after 
such machining as is needed is done. 
For both parts the die-casting was 
selected, primarily because of the lower 


Cost and Production Data 
| Part A 


Die Cast 


Sand Cast 


ian eee: **Gray *Zinc alloy 
| cast iron A.S.T.M. 23 
PRY E | (a) $324 (b) $355 
KEL | 500 | 500 
Black enamel | Black enamel 
Day iat $0,349 $0.049 
and applied) 
Peet $0 .538 $0. 244 
SL.2 29.7 


Die-casting lower in cost, better in appear- 
ance and requires less machining, also 
lighter in weight. 


(a) Includes pattern, match plate and any jigs required for machining. 
(b) Includes die, fin removal tools and any jigs required for machining. 





Part B—Sand Cast 
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Mi 2410152 drill 
2 holes 































piece cost, but at the same time the die- 
castings yield better appearance and ma- 
chining costs are lowered. The accom- 
panying Table shows relative costs, both 
for tooling and per piece. Cost figures 
include a coat of black enamel for both 
the sand cast and the die cast parts, 
hence this item does not account for the 
total cost differences shown in the Table. 





Part B 


Sand Cast | Die Cast 


| 
ails. | 





way *Zinc alloy 
cast iron A.S.T.M. 23 
(a) $214 | (b) $230 
1,800 1,800 
Black enamel Black enamel 
$0.102 none 
$0 .387 $0.107 
S. 6.8 


Die-casting lower in cost, better in appear- 
ance and requires less machining. 
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PATENT SEARCHING 


Benefits Derived From Surveying the State of the Art 


HERE is a vast storehouse of 

information that every designer 

must take into consideration. 
Patent publications both in the United 
States and foreign countries should be 
consulted to determine whether an idea 
can be patented, or whether it is a de- 
sign that is an infringement of some 
unexpired patent in the country, or 
countries. in which the article or appara- 
tus will be sold. 

Checking these questions of novelty 
and infringement should be just as 
routine as any other fundamental step 
in design—it is essential before Jaunch- 
ing a new product on the market. Yet it 
is the exception rather than the rule 
when this is done. 

The result is not only shown in the 
large number of patent suits of the most 
expensive character, but is evidenced by 
a large number of settlements that never 
are made public. Such unfortunate com- 
panies, whose designers have not taken 


MEANS OR MECHANISMS 


2 New types of glass 


4 Surface grinding by tool 


3 Non-glass materials 5 
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this precaution, are compelled either to 
pay substantial sums to patentees whose 
patents are infringed, or withdraw the 
machines from the market entirely and 
make up by a cash settlement for their 
delinquency in not checking this im- 
portant question. 

Fortunately, taking precautions against 
this disaster is not as difficult as it might 
seem. While the storehouse of this 
knowledge is vast, yet it is thoroughly 
classified and easily searched. The offi- 
cial records of patents, both United 
States and foreign, are carefully classi- 
fied in the United States Patent Office. 
and are readily available to the skilled 
searcher. Likewise, the prior art in pub- 
lications is reasonably well-known and 
is thoroughly classified in almost any 
library. The skilled searcher, who knows 
how to use the books, can get at the 
facts with the minimum of effort. 

Now let us see just how these pre- 
cautions should be taken and what steps 


OPTICAL INVENTION ANALYSIS CHART 


are necessary in order to effect a prac- 
tical solution of the problem. There are 
some fundamental tools that every well- 
equipped engineering department should 
have. In the first place, it should be com- 
pletely equipped with up-to-date volumes 
of all of the expired and unexpired pat- 
ents, both United States and foreign, in 
the particular field in which the engi- 
neering department is working. These 
should be carefully classified and in- 
dexed, not only as to number, title, name 
of inventor and country, but they should 
be graphically indexed by charts, such 
as that shown in the accompanying illus- 
tration. 

These charts are survey charts of the 
state of the art. Their purpose is to show 
what features, or combination of fea- 
tures, either mechanical or method of 
operation, have already been monopolized 
by previous patents, either expired or 
unexpired. By a glance at such a chart, 
the designer can tell just what territory 
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is his for future design and development, 
or what territory has already been appro- 
priated by some prior inventor. 

Looking at this chart, you will notice 
that on the left-hand column there are 
listed all the elements that may be em- 
bodied in any design, and across the top 
of the chart may be neither a list of 
other elements, or steps in the method 
of use which are involved in the mech- 
anism shown on the left-hand column. The 
point at which the two columns intersect 
is the spot where the patents covering 
the combination of elements in the ver- 
tical and horizontal columns meet. 


Advantages of Study 


It is obvious that by using such a 
graphic chart of the state of the art, the 
monopolized features can be easily 
memorized, or visually checked with pre- 
liminary designs. This eliminates long 
and tedious expense of continuously re- 
designing final products or rebuilding 
them to avoid patent infringement. It 
is not long before the engineering force 
becomes saturated with the state of the 
art and they avoid the pitfalls that other- 
wise would be innocently encountered. 

Better still, this sort of a study of 
prior art often results in very interesting 
and profitable inventions being made. A 
study of this material stimulates ideas and 
makes suggestions to the mind of the 
inventor of the new things and the new 
combinations that he could make that 
can be protected and still make a very 
successful new piece of apparatus to 
offer the trade. 

It is dangerous to rely upon the 
searches made by the Patent Office, in 
the course of prosecuting patent applica- 
tions, to secure this material. The Patent 
Office Examiners limit their searches 
strictly to the particular application and 
its features as claimed. Therefore, the 
search starts out narrow in scope. The 
Examiner cannot afford to take the time 
to make a thorough and exhaustive search 
of the entire state of the art, as can the 
one who is especially employed for that 
purpose. Searching for this sort of ma- 
terial is a highly developed art by 
specialists. It certainly should not be 
undertaken by amateurs, or by engineers 
who have only a smattering of such 
knowledge. 

The Chief Examiners of each Division 
in the Patent Office and their associates 
maintain private collections and lists of 
patents which are sometimes available 
to the searcher. Usually they are quite 
willing to advise those who make the 
searches of the best arts, particularly if 
the searcher is generous enough to give 
a list of the patents he finds to the Ex- 
aminer in order that he may have a cross- 
check in perfecting his own files. 

Another advantage of the study of the 
work of prior patentees is this. If a care- 
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ful survey is made laying out just how 
far each patentee was able to get with 
his idea and a diagnosis is made of why 
he did not go further, or what pitfalls 
he encountered that prevented him from 
having a completely successful machine. 
a composite picture of the problems of the 
art and the reasons why it had not ad- 
vanced any further will soon be had. 
This enables research to be directed and 
design work to be done for the specific 
purpose of solving the problem that has 
defeated a number of prior workers. 

The Wright Brothers, inventors of the 
flying machine, were smart enough to 
do just this, and having done so, they 
solved the problem that hundreds of 
prior investigators had failed to solve. 
They made up their minds that there 
must be some practical reasons why pre- 
vious inventors and experimenters had 
failed to fly. They knew that in one 
short lifetime they would have no chance 
to make all the experiments necessary 
to arrive at the reasons why others 
failed, and that their lives might not 
even last in such a hazardous occupation 
long enough to make more than one or 
a few experiments. 

So the Wright Brothers sat down and 
completely and carefully analyzed every 
patent and every publication of every 
experiment of prior attempts to fly. They 
classified and coordinated these efforts as 
to reasons for their failures. They then 
had before them the composite history 
and experience of everyone who had 
attempted to fly prior to their advent 
in the field. 

They then directed their attention to 
getting at the cause of these failures. 
When they arrived at the cause of the 
failures. they discovered that the whole 
difficulty of previous experimenters had 
been in one simple particular: it was 
the failure to maintain equilateral 
equilibrium. In simple words, no one 
had discovered how, in a mechanical 
way, to prevent an aeroplane from turn- 
ing over on its longitudinal axis when 
it attempted to turn on a curve. 

This is a good example of the true 
way of using the prior art in order to 
analyze the advances of prior workers, 
the results of success and failure, and is 
the true way by which to profit from a 
study of this character. 


Combining Inventions 


Another good example of this situa- 
tion is this. The history of most success- 
ful inventions shows that they are nearer 
solution if. the right materials are 
selected for doing the job because the 
major part of the inventing and design- 
ing has already been accomplished. The 
thing that held back pneumatic tires was 
the development of an adequate vulcan- 
ized rubber compound. Automobiles did 
not come into being until the combined 


inventions of pneumatic tires, rubbe 
gasoline engines, clutches, magneto- 
carburetors, gearshifts and rear axle 
construction had been invented by , 
series of inventors. 

Let us step back a few years and se 
what you would have done if you had 
found, as a result of the study of the 
art, that all of these elements had been 
completed but never put together in an 
automobile. If you had then combined 
these separate inventions, you would 
have an automobile. As simple as this 
illustration is, yet that is exactly the 
same type of thing that Selden did in 
his patent which was the subject of such 
extensive litigation at the beginning of 
the century. 


Avoiding Duplication 


One of the basic difficulties of engi- 
neering and developing departments is 
this; too much work is done in repetition 
of what has already been done by other 
workers in the same field. The econom- 
ical and successful engineering depart- 
ment is one that takes advantage of what 
has gone before and avoids duplicating 
results which cannot be later patented 
and protected. The courts are full of 
cases showing the results of not paying 
attention to this simple rule. Many a 
tough engineering problem has been 
already solved. 

I have seen days and days, and thou- 
sands of dollars spent, upon designs for 
the solution of a problem that had 
already been solved many times before 
and the record of which could be found 
in old catalogs in the same art or an 
allied art. One of the best weapons that 
the engineering department can have 
for conquering problems of this sort in a 
very extensive file of old catalogs. not 
only in their own line of business, but in 
lines of business that are allied. 

Nothing of more value can be found 
in an engineering department that an 
extensive, well indexed library of this 
character. There are mighty few prob- 
lems that basically have not already had 
some considerable attention from pre- 
vious manufacturers, and these catalogs 
are a veritable storehouse of valuable 
knowledge on the subject. 

Such catalogs are also invaluable in 
proving that the basic things that you 
are doing are old so that you will have 
defenses against patent infringement. 
If a designer can be sure if the machine, 
when completed in its essentials, has 
already been represented in prior pub- 
lications in old catalogs, he can feel 
perfectly safe and secure in recommend- 
ing that that machine be put on the mar- 
ket. Such proof and such knowledge 
may prove to be of major importance 
to the company in deciding whether to 
risk the launching of a new product 
where the patent situation is complicated. 
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V-BELT DRIVES 


Horsepower Ratings and Service Factors 


ONSIDERING the somewhat 

meagre information available on 

the properties of the materials 
that are used in the construction of 
V-belts, the variations in structure and 
in manufacture of V-belts of different 
makes, as well as the great variation in 
the service demands, any general rating 
of V-belts according to sizes must be re- 
garded as an average valuation. 

Most of the early V-belt drives were 
developed with the objective of reducing 
space requirements and were therefore 
equipped with sheaves of comparatively 
small diameter. The minimum diameters 
for sheaves were chosen on the basis of 
satisfactory performance and belt life. 
The horsepower ratings of the V-belts 
were influenced by and determined for 
the small sheave diameters then in gen- 
eral use. 

While it was known that the size of 
the sheave had some effect on the dura- 
bility of the drive, no definite method 
for determining the^ most favorable 
sheave diameter was generally accepted. 
Also, since ratings were based on mini- 
mum sheave sizes, the possible benefits 
which would result from the use of larger 
sheaves were not always obvious. 

The demands from a constantly in- 
creasing diversity of V-belt drive appli- 
cations made it apparent that in the use 
of large sheaves there was an economic 
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advantage and that it was desirable to 
correlate sheave size to belt size in a 
workable formula. 

In attempts to develop such a formula, 
studies of numerous V-belt drives indi- 
cated the desirability of extending the 
conventional belt drive formula to in- 
clude the bending effect on V-belts run- 
ning over sheaves of various sizes. Conse- 
quently, further studies were made in 
which V-belt cross sections were analyzed 
to determine the magnitude of the exten- 
sion of the cords in the belt caused by 
bending in sheave grooves. In these 
studies, the position of the neutral axis 
was approximated from test data and 
field reports. 

Through these studies there has been 
derived an equation, which is now gener- 
ally accepted by manufacturers of 
V-belts, for determining the horsepower 
rating of V-belts; the terms used are: 
Tı = tension in tight side of belt, lb. 

Tə = tension in slack side of belt, lb. 

T. = tension due to centrifugal force, Ib. 

T, = breaking strength of one cord, lb. 

E = modulus of elasticity of cotton cord, 
lb. per sq. in. 

W = weight of belt per ft., lb. 

V = velocity of belt, ft. per min. 

n = number of cords in V-belt 

l/n, = area of cord cross section, sq. in. 

k = a fraction denoting the reciprocal of 
life factor 


t = distance neutral axis to cord, in. 
d = sheave diameter, in. 

g = acceleration by gravity 

and the equation is 


4Em WV 
Tı — T: V 
Tı — T. J/\ 33,000 


The correct values for E and ż are diff- 
cult to determine, if considered individ- 
ually, but not when access is had to 
many records of V-belt performances. 
Reasonably accurate values for the dis- 
tances from the neutral axis to the cords 
were determined by studying the belt 
cross section. After having adjusted the 
values of & and ¢ so that the formula 
results checked with several instances of 
known V-belt drive performances, it was, 
for all practical purposes, safe to assume 
that the formula and its constants were 
applicable to all V-belts of the same 
structure. 

The author was assisted by engineers 
of V-belt manufacturers in establishing a 
practical working value for the factor of 
safety of V-belts and for belt constants 
influencing the bending stress term in 
the equation. The results of this work are 
summarized in the horsepower ratings 
presented graphically in Fig. 1 for five 
standard V-belt sections. The values 


Table I—Characteristics of Prime Mover 





PRIME MOVER 


| | 
| STARTING TORQUE | 
| (PER CENT) | 
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Squirrel Cage Motors 


Normal torque (line start).............. 
Normal torque (Compensator start)... . 


a bi oo, 49 vk 68 
Wound rotor motor (slip ring type)... 
Synchronous Motors 

Normal torque............. 

ON re 
Single Phase Motors 

Repulsion and split-phase. . . . 

TIRES aR 
Direct Current Motors 

Shunt wound.......... 

Compound wound. .... 

Diesel and Gas Engines 


4 or more cylinders (above 700 r.p.m.). . . 
4 or more cylinders (below 700 r.p.m.). .. 


3 or less cylinders............... 
Steam Engines..................... 


Line Shafts and Clutch Starting. ..... aha 


110 to 150 
110 to 150 | 
200 to 300 | 
150 to 250 


110 to 125 | 
160 to 200 | 


230 to 500 
150 to 200 


GASNA 50 to 100 
50 to 100 
a a ( Continuous rating ) | 
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EISSN E> < 80% of maximum + | 
oe ....| (| h.p. rating 





Putt-out TORQUE CONSTANT OR 
(PER CENT) VARIABLE SPEED 
200 to 250 Constant 
200 to 250 Constant 
300 to 400 Constant 
200 to 250 | Variable 
150 to 250 | Constant 
250 to 400 Constant 
250 to 400 Constant 
175 to 200 | Constant 
| 
{150 per cent peak | | Both 
| momentary load J Both 
120 per cent of ) Constant 
continuous rating at > Constant 
| normal rated speed Constant 
i otadaveesecesaanees Constant 
ie A Both 
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shown are recommended but are not 
necessarily limiting ones. 

For a given bending stress the ratio of 
t/d is a fixed constant, and is the same 
for large and small belts. With E/n, = 
190, and d/t = 120, the equation gives 
results comparable with the majority of 
horsepower capacities found in practice. 

When selecting a V-belt for any par- 
ticular drive it is necessary to apply 
service factors to the horsepower ratings 
shown in Fig. 1. The horsepower capacity 
selected depends upon the type of elec- 
tric motor or other driving medium, the 
starting and load characteristics. as well 
as the type of driven load. Service fac- 
tors for a wide variety of driven ma- 
chines in conjunction with various units 
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have been established, see Table II. These sheave. Such benefits as less shaft over- 


factors are based on the characteristics hang and others will also accrus, In 
of prime movers shown in Table I, and some applications the W R” of the ='ieave 
are for average conditions. will also be reduced. At smaller diame- 
Former horsepower ratings which were ters some of the belts now have a reduced 
given for a minimum size of sheave made rating which will tend to give more satis- 
no particular allowance for the benefits factory belt life. Consideration should be 
to be gained by using larger sheaves, and given as to whether or not increased 
while there was a distinct gain in the power rating of larger sheave dia:eters 
life of the drive. compactness was sacri- shall be used as an additional factor of 
ficed. For example, on a “D” section belt safety with additional life or to gain 
running at a velocity of 4,000 ft. per min. maximum compactness of design. 
the rating is increased from 17.3 hp. to It is reasonable to expect that the dura- 
22.5 hp. by changing from a 13 in. bility of a belt drive not only depends 
sheave diam. to a 17 in. sheave, a gain upon the maximum pull in the belt and 
of about 28 per cent which on a multiple the relative sheave diameter, but also on 
V-belt drive might be an appreciable total length of belt and difference jp 
saving in number of belts and width of diameters of driving and driven sheaves, 





HORSEPOWER RATINGS OF V-BELTS 


For various velocities and pitch diameters 
of sheaves -|80deg.arc of contact on 
sheaves 


Correction factors for other arcs of contact 
Deg. Factor Deg. Factor 
1.00 er 0.86 
a 098. 0.83 
160_____ 095 ee 0.79 
nn 092 0.74 
1440____ _ 089 a 0.69 


Dotted lines show recommended maximum 
hp. for larger diameter sheaves w 


0,,2.34-5 are typical former belt ratings at — 4 


Bs V= 000; 2,000; 3,000; 4-5,000 respectively J— 
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a 
H 
Fig. 1—Horsepower ratings for five standard V-belt sections. The recommended values shown should be used with service factors to 
suit type of driver and application. To obtain the horsepower capacity to be used in selecting a V-belt, multiply the rated horsepower 
of the driving unit by the service factor from Table II and divide by correction factor for arc of contact 0 
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Table [l—Service Factors 
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Prime Movers 


ELECTRIC MOTORS 
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AG, | DG, Gas AND DIESEL 
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-OPTICAL SYSTEM -IMPULSE BLADE 


Optical system used in turbine blade research. 
reflected back through a rotating lens to the viewing screen or camera 


RESEARCH 


Light is carried through hollow shaft to mirror on blade to be photographed and is 


VIBRATORY STRESSES 


Temperature, Impact and Speed Effects by Optical Method 


F. T. HAGUE, Engineering Manager, Steam Division 


UNDAMENTAL 

vibratory and damping 

characteristics are encountered in 
the design of any high-speed rotating 
machinery subject to impact loadings. 
Thus the design of blades for super- 
posed turbines involves damping charac- 
teristics and mechanical resonance of 
blade material. Operating at 900 deg. 
F. the blades are subjected to intermit- 
tent loading by steam jets at 1,250 lb. 
per sq.in. pressure. This imposes a 
violent impact load on the blade on 
each revolution of the turbine. Failure 
of three successive sets of physically 
larger blades on a superposed turbine 
indicated that other factors besides static 
strength must be considered in design- 
ing blades for such intermittent load- 
ing. Also, at 900 deg. F., passage of a 


problems in 
stresses 
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large volume of high-density steam cre- 
ates conditions unlike those with which 
there has been much previous experience, 
since for each 20 deg. increase of tem- 
perature in this region, plastic flow or 
creep rate of steel is doubled: and other 
physical characteristics are adversely 
affected. 

Superposed turbines pass from 1 to 
1% million lb. steam per hr. at a dens- 
ity five times as great as the steam 
through the low-pressure turbines with 
which they are in series. To obtain 
good economy at partial loads, the incom- 
ing steam is usually fed to the first wheel 
over only a portion of its periphery. 
Thus the blades are subjected to shock 
loadings each revolution. In order to 
study the blade movement under operat- 
ing conditions, an optical system was 


devised to give photographic records of 
blade vibration with which blade stresses 
and damping characteristics could be 
studied with reference to material selec 
tion and blade design. Thus photo 
graphic records of blade 
under operating conditions were ob 
tained and gave adequate and accurate 
indication of the type of stresses imposed 
on these blades. This ingenious optical 
method utilizes a recording camera at 
jacent to the turbine, and is so propor 
tioned that the movement of the impulse 
blade is magnified 250 times. 

Normal vibration of the blade is it 
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creased as a blade enters the steam Jet. 


and that the blade continues to vibrate 
with slowly decreasing amplitude after it 
leaves the steam jet, this slow decreas 
in amplitude of vibration being caused 
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by the internal molecular friction of 
the blade material, that is, the damping 
characteristic of the steel. 

In superposed turbines the frequency 
of vibration of first row blades is about 
2500 cycles per sec. Blades stressed 
at their fatigue limit usually break 
within 10,000,000 cycles. Thus blade 
failures in superposed turbines usually 
develop quite promptly, particularly if 
steam loading is intermittent on the 
blade. As turbine load is increased the 
steam jet covers more and more of the 
periphery of the first wheel until above 
three quarters load, when there is full 
admission with steam applied through- 
out the entire periphery. When full 
admission condition is established, the 
vibratory stress condition is eliminated. 

The amount of load on the turbine 
has relatively little to do with the max- 
imum blade stress since the factors 
which mainly influence the stress are 
mechanical resonance and damping 
characteristics of the blade steel. 
Mechanical resonance involves a rela- 
tionship of two frequencies. In tur- 
bines one of these is the frequency of 
the shock from the steam jet, the other 
is the natural vibrating period of the 
blade. With these two frequencies in 
such a relation that one is an exact 
integral multiple of the other, resonance 
results and the ability of a turbine to 
operate without blade breakage depends 
largely on whether the damping ability 
of the blade material is sufficient to 
absorb this resonant vibration. 


Variation in Stress 


At any constant turbine load, the 
magnitude of the blade stress has been 
found to vary over a four to one range 
when turbine speed is changed as little 
as 2 percent. This four to one build-up 


of blade stress at constant turbine load 
In a partic- 


is the cause of breakage. 







DAMPING OF BLADE STEELS 
700° F. 750 ~/sec. 


—— Damping 





— Stress, Thousand lb. 
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ular test turbine a change in speed of 
114 percent caused blade vibration to 
vary from resonant to non-resonant con- 
dition. It is obvious, therefore, that 
impulse blading must be designed to 
operate at safe stresses under resonant 
conditions. With actual turbines run 
at constant speed the natural period 
of blades will vary more than 10 percent 
by virtue of manufacturing variations or 
changes in operating temperatures so 
that some blades will be in resonance 
under all operating conditions. 

As a result of this research, several 
important damping relationships have 
been developed. Damping increases 
with blade stress and is extremely low 
at low stress. It is as important to 
know this relationship as to know the 
strength of steel. Damping character- 
istics of different steels vary greatly, 
the widely used 12 percent chrome steel 
having more damping ability in its appli- 
cation range than any other material 
yet investigated. The materials of the 
chrome-nickel class that excel in high 
strength at high temperatures have about 
one-tenth the damping ability as 12 per- 
cent chrome steel. Thus, the four to 
one range of amplification of blade stress 
at constant load would increase to be- 
tween 10 to 15 to 1 if a chrome-nickel 
or nickel-chrome steel were used instead 
of 12 percent chrome steel. Damping 
becomes less as frequency of vibration 
increases: increased stiffness of heavier 
blades does not result in appreciably 
lower blade stress. Damping decreases 
rapidly at higher operating temperatures, 
particularly above 750 deg. F. At 1,000 
deg. F., damping is only one-third as 
much as at room temperature. 

These findings suggest possibilities of 
applying separate dampers to the blades, 
and as a result separate damping de- 
vices that increase the damping of blades 
by five to ten times are being investi- 
gated. A steel capsule, partly filled 
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Damping characteristics of typical blade 
steels, plotted against stress vibration, fre- 
quency and temperature 


with a material that is fluid at turbine- 
operating temperatures, can be inserted 
inside a blade and maintain full damp- 
ing capacity up to 1,500 deg. F. This 
does not necessarily mean that super- 
posed turbines for present day standards 
of temperature and pressure must have 
separate blade dampers to operate safe- 
ly. The research merely points out that 
such means would greatly increase the 
factor of safety of impulse blades and 
may be required to meet future operating 
conditions particularly if these entail 
higher temperatures and pressures. 


Cooperative Research 


Based on the experience with this 
experimental turbine, a second one with 
full size impulse wheel was built for 
research study of blade performance 
under 1,250 lb. per sq.in., 900 deg. F. 
steam operating conditions. This tur- 
bine with its 10,000 kw. generator and 
15,000 hp. water brake is now in opera- 
tion in the Schuylkill Plant of the 
Philadelphia Electric Company. Pres- 
sure of entering steam is 1,250 lb. per 
sq.in.; exhausting pressure is 240 lb. 
per sq.in. The turbine, built solely for 
research purposes, has special construc- 
tional features, including single and 
double blades, separate blade dampers 
various types of shroud attachments, and 
various blade groupings. The built-in 
optical system records the performance 
of the sixteen different blade combina- 
tions. Two rotors having different blade 
design are being built. From this in- 
stallation will come visual records from 
which it is expected to obtain the solu- 
tion of this problem of vibratory stresses. 
It has been our experience that research 
problems are more readily solved when 
measuring instruments are evolved which 
make possible quantitative measurements 
of phenomena occurring under actual 
operating conditions. 
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ECENTLY developed methods of 
brazing aluminum alloy assem- 
blies utilize certain low-melting- 

point aluminum base alloys as a filler 
material. and a special flux which per- 
mits the filler material to wet the sur- 
faces of the joint. To date, three general 
methods of application have been ex- 
plored; namely, furnace. torch and dip 
brazing. It has been found that with 
these new brazing procedures, joining 
costs are substantially less than costs 
obtained with standard gas or arc weld- 
ing, joints are neater and require less 
finishing, and that the process permits 
joining of parts that are too thin to be 
welded. 


Furnace Brazing 


In furnace brazing, parts are assem- 
bled, fluxed. placed in a furnace, and 
raised to a temperature above the melt- 
ing point of the filler material, but below 
the melting point of the parts to be 
joined. The cost-reduction possibilities 
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BRAZING ALUMINUM ALLOYS 


A. H. McGRAW 


Aluminum Company of America 


of this method in comparison with gas 
welding are apparent when it is consid- 
ered that the number of parts, or the 
number of joints on any one part, are 
limited only by furnace size. 

Furnace equipment for brazing the 
aluminum alloys is essentially the same 
as that used for brazing other metals. 
A temperature range from 1,000-1.200 
deg. F. is suitable for all applications 
now in production. Both batch-type elec- 
tric and conveyor-type, gas-fired furnaces 
have been applied commercially. Tem- 
perature control within 5 to 10 deg. F. 
of the nominal value is essential to get 
consistent results; this range is easily 
obtained with practically all commercial 
furnace equipment. 

Details such as baffling of the circu- 
lation in the furnace to prevent local 
over-heating of load. and protection of 
heating units from attack by molten flux 
should be considered. No fumes or gases 
are formed during the brazing period 
which require ventilation to the outside 
air. Experimental work with commonly 


used controlled atmospheres made by 
partial combustion of natural gas, coke- 
oven gas, butane or propane, has not 
indicated any advantage over an air 
atmosphere. 


Design of the Brazed Part 


When using the non-heat-treatable 
alloys the design must be based on the 
strength of annealed or soft material. 
With closed assemblies, provision for 
egress of gases should be made. A 
design which facilitates flow of filler 
material to the joints and permits easy 
assembly prior to brazing is desirable. 
In most cases the design of brazed parts 
incorporates lap joints rather than butt 
or scarf joints. 

In making any type of joint, suitable 
clearance between parts prior to brazing 
is essential, since capillary forces and 
gravity flow of the molten filler material 
into the joint are dependent on proper 
clearances between the mating surfaces. 
In the final state the joining material is 
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in the form of cast metal hence the least 
clearance that will permit a uniform 
filling of the joint will provide the great- 
est strength. Proper clearance is best de- 
termined by trial; it usually varies from 
0.004 to 0.008 in. 

The brazing alloys may be provided in 
the form of wire and sheet in any de- 
sired thickness, with choice of the form 
depending on the application in question. 
In furnace brazing operations the brazing 
alloy must be placed right at the joint 
before the assembly goes into the fur- 
nace. Washers, bands, or 
loops of the brazing alloy may be me- 
chanically held in place in or around 
the joint. or may be placed in specially 
provided slots or reservoirs. Volume of 
this filler material should be sufficient 
to form fillets at the joint. Filler mate- 
rials for brazing aluminum parts are 
not expensive and consequently liberal 
allowance for making large fillets can 
be made. Cross-sections of brazed alumi- 
num parts are shown above. 


clips, wire 


April, 1940 


WY VY 


Before 


Brazing 


After 
Brazing 


EF E 















Lj Ld 


Typical brazed joints and fittings in aluminum 


Preparation of Parts 


Dirt, grease or foaming lubricants 
should be removed prior to brazing. 
Solvent or mechanical cleaning of the 
faying surfaces is usually sufficient for 
materials such as commercially pure 
aluminum and the aluminum-manganese 
alloy 3S. In a few cases, however, par- 
ticularly on the heat-treated alloys, an 
etch in caustic solution followed by a 
dip in nitric acid is used to prepare the 
surface. A water rinse should be used 
after each of the chemical dips, and the 
parts dried before applying the flux. 

The natural oxide film present on all 
aluminum alloys prevents the “wetting” 
of the faying surfaces by the brazing 
alloy unless the proper flux is applied. 
The brazing alloy will not adhere and 
join the metal parts unless it wets their 
surfaces. The function of a flux, there- 
fore, is to remove the oxide present on 
the brazing surfaces without the neces- 
sity of mechanical rubbing of the surface, 





Cross-sections of brazed joints in 3S aluminum alloy sheet 
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prevent oxide formation during brazing, 
and promote the wetting of the joint by 
the brazing alloy. It was not possible, 
therefore, to braze aluminum until a flux 
was discovered which would perform all 
these necessary functions, but with the 
new flux now available brazing of alumi- 
num alloys has become commercially 
feasible. 

Generally it is sufficient to coat only 
the brazing alloy with flux; the alloy will 
then flow into the joint by capillary ac- 
tion after melting in the brazing opera- 
tion. In some cases best results are ob- 
tained by coating both the filler material 
and the parts to be joined. The fluxes are 
supplied in powder form and may be 
used dry or applied as a water or alcohol 
paste. The consistency of the paste should 
range from that of thin cream, for spray- 
ing or dipping parts, to a mixture ap- 
plied with a brush, which will just drop 
from the brush when the brush is lifted 
from the paste. 

When brazing closed assemblies with 









only small openings, hydrogen gas may 
be formed if a water-mixed flux is used. 
Ignition of the hydrogen sometimes 
occurs with sufficient violence to push 
the parts out of alignment. In such cases, 
the formation of this gas can be pre- 
vented by mixing the flux with methyl 
or ethyl alcohol instead of water. If water 
is used, drying the parts in a separate 
operation prior to brazing is of some 
assistance as it will prevent most of the 
evolution of hydrogen. 


Brazing Time 


The time required for a brazing cycle 
is determined in part by the nature and 
size of the furnace, as well as the thick- 
ness and shape of the metal parts. Best 
results are obtained when the brazing 
alloy is raised to the brazing tempera- 
ture as rapidly as possible. Only a few 
minutes are required to complete the 
brazing operation after the required tem- 
perature is reached. During this time the 
filler material melts and flows into and 
around the joints. 

Parts containing both thick and thin 
sections in the same piece must, of 
course, be brazed with a furnace time 
based on heating the thickest section up 
to the brazing temperature. The proper 
choice of filler material, flux and tempera- 
ture depends on the material of which 
the parts to be brazed are made. Com- 
merciaHy pure aluminum, material of 
higher purity, and the aluminum-man- 
ganese alloy 3S can be handled with the 
same technique. For these materials, the 
furnace should be set so that the tem- 
perature of the parts reaches 1,150 to 
1,175 deg. F. The specific temperature 
in this range is determined by experi- 
mental production of the parts and de- 
pends on the amount of flow required to 
fill the joints. The heat-treatable alumi- 
num alloy 61S has also been used for 
production brazing, but as will be seen 
from Table I, the range of brazing tem- 
peratures for this alloy differs from that 
for the other alloys. 


Table I 


Brazing Temperatures 


ALUMINUM ALLOY 
No. Brazinc Temp. F. 


1150-1175 
1150-1175 
1060-1090 


On removal from the furnace the coat- 
ing of flux over and around the brazed 
joints must be removed to improve 
appearance and to prevent attack of the 
metal if the part is to be used in con- 
tinued contact with water. A suggested 
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Fuel tank and carburetor air silencer assembled by brazing 


Tubing and sheet assembled by brazing 
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cleaning procedure is: a short soak in 
boiling water, followed by a half-minute 
dip in 1:1 nitric acid solution at room 
temperature, water rinse, a 30-60 second 
immersion in a 5 per cent caustic solu- 
tion at 150 deg. F., water rinse, a short 
nitric acid soak, rinse in water, and dry. 


Appearance of Parts 


The appearance of joints correctly 
made by the brazing processes should be 
smooth and regular. Fillets formed 
assume a neat meniscus shape. The 
joints have a smooth, even surface re- 
quiring little or no finishing, and the 
color approximates that of parent metal. 

Furnace brazing of aluminum alloys 
has been commercially in production for 
assembling outboard motor tanks. More 
than 44,000 tanks were brazed during 
1939 at costs substantially lower than 
those of previously fabricated gas-welded 
designs. Production of refrigerator trays 
and finned sheet parts has also been 
accomplished. Assemblies where light- 
gage metal is necessary, and where gas 
or arc welding would be impossible, are 
joined satisfactorily by brazing. Carbu- 
retor floats and tubular radiator cores 
with sections as light as 0.008 in. wall 
thickness have been successfully brazed 
experimentally. Small tanks and other 
items where the cost of manual welding 
would be high can be produced at lower 
costs by batch brazing. 

As the process is of recent origin, only 
a relatively small number of the many 
possible applications have been exploited. 
The introduction of brazing methods for 
the aluminum alloys into the refrigera- 
tion field will probably be applicable for 
joining evaporator units, cooling plates, 
finned coil diffusers, trays, radiators and 
similar parts. 

The strength of brazed joints in the 
alloys mentioned is about the same as 
that of torch-welded joints. A comparison 
of strength values of furnace-brazed butt 
joints in aluminum alloys 3S and 61S 
and aluminum-manganese-magnesium 
alloy 4S is given in Table II. The values 
are for sheet 0.051 inch thick, and are 
indicative of the range covered. 


Torch Brazing 


In torch brazing, filler wire of low 
melting point and good fluidity is applied 
with a special brazing flux. Brazing is 
accomplished by supplying just sufficient 
heat with a torch so that the molten filler 
material wets the surface of the joint 
with little or no melting in the parent 
parts. Joints can be rapidly made and 
a smooth bead is obtained. Oxy-hydro- 
gen, oxy-acetylene or oxy-natural gas 
flames can be used. The operation with 
the two first-named gases results in 
smoother joints with a cleaner surface, 
as well as an increase in brazing speed. 
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Outboard motor gasoline tanks brazed in a batch type furnace. Joint has been machined 
and polished to an attractive appearance 


Table II 
Typical Values of Strength of Furnace-Brazed Joints 


FOR SHEET 0.051 IN. THICK 








TENSILE STRENGTH, Yrevtp Port, ELONGATION 
ALUMINUM ALLOYS LB. PER SQ. IN. LB. PER SQ. IN. PER CENT IN 2 IN. 
38 15,000 6,000 7.0 
1S 23 , 000 11,000 6.0 
*61S -T 15,000 40,000 9.0 





* Heat-treatment combined with brazing operation; and subsequently artificially aged 


to T temper 


Proper choice of the torch-tip size de- 
pends on the thickness of the parts and 
can most easily be determined by trial. 
Best results can be obtained if a re- 
ducing flame is used. 

Butt, lap or fillet joints can be made 
by brazing. In the case of lap joints, 
penetration of the filler material into 
the lap can be more easily attained if 
the parts are fitted loosely together. 
Tubular joints are prepared with a 3 deg. 
taper in the lapped portion to permit 
penetration of the filler metal and flux. 
Residual brazing flux must be removed 
from brazed joints. This is done by a 
hot water wash, or on complicated parts, 
by the cleaning and etching procedure 
described for furnace-brazed parts. 
Proper choice of the filler material de- 
pends on alloy and thickness of parts. 

Strength and corrosion resistance of 
torch-brazed joints are about the same 
as for joints made by welding. 


Dip Brazing 


In dip brazing, parts are assembled 
with the brazing alloy placed at the 
joint and are held in position with suit- 
able jigs. The assembly is dipped in 
molten flux of a temperature such that 
melting of the filler material occurs 
without melting in the parent parts. Ex- 
perience shows that joints can be made 
on material as thin as 0.008 in. and 
possibly thinner. The process has the 
advantages of low cost and short cycle 
of operation. 

The field of application includes such 
parts as finned tubing, radiators with 
corrugated sections, and parts where 
drainage of the molten flux is obtained 
when the sections are removed from the 
bath. Commercial experience with the 
dip brazing process is relatively limited, 
and detailed information is not yet 
available. 
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Fig. 11—Pedal lever is arranged so that it can be swung up out 
of the operator’s foot space. Part A of the lever is slit and spread to 
form a slot for filler piece B. Part C of the lever is pivoted at D. 
At F is shown the position of the lever when it is swung up. 
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FIG. 13 
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Fig. 13—Side flanges A on treadle that operates sideways, rather 
than up and down, serve as an abutment to push against and prevent 
operator's foot from sliding off. Side flanges should not be high 
enough to cramp the little toe of the operator. 


FIG, 15 





Fig. 15—Treadle pressed from sheet steel. This design is corru- 
gated and has a strengthening flange all around the edge. 
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FIG. 12 


Fig. 12—Lever arm A is drilled and reamed 
for the rod to which the treadle is pinned. 
The treadle is shaped to fit the sole and heel 
of the operator’s shoe. One set screw in the 
lever arm fixes the treadle which is adjust- 
able sideways and also for vertical angle. 





Fig. 14—An appropriate design when consid- 
erations make it desirable to remove a foot- 
operated lever from an idle machine or when 
the operation is controlled by hand. Pivot 
pin A is fixed in lever, and pivot mount B 
is fastened to the floor. Foot lever can be 
lifted and pulled forward for removal. 






x 


Section X-X 


Fig. 16—Foot pad casting A is cast around 
the end of lever rod B to obtain lightness. 
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OPERATED LEVERS -II 


FRED ADAMS 


oot slippage must be guarded 
against in many designs of pedals, 
since the soles of operators’ shoes are 


often smooth and oil-soaked thereby FIG. 17 


offering a low coefficient of friction be- 
tween the pedal and shoe. When the 
pedal pad is cast, grooves can be cut 
straight across the surface of the pattern. 
The serrations between the grooves 
should be pointed to an included angle 
of 60 to 90 deg. Another method is to 
provide criss-cross serrations which form 
diamond-shaped projections. Hard wood, 
rubber pads. and abrasive faced mate- 
rials are also used for treadle surfaces. 


Fig. 17—Stirrup type of treadle can be used 
when lever is operated up, down or sideways. 
Ball of the foot rests on the tread while the 
toes enter the opening. Sides of stirrup open- 
ing can be wound, padded or laced with soft 
material to prevent chafing. 





Fig. 18—Foot-actuating mechanism that can be operated from either side 
of a machine. Arms A and B are bent U-shape to clear outer walls of 
machine. Pin C is driven into lever arm A on the actuating side. 





Fig. 20—In this design of 
double pedal the foot is slid 
along the top surface until it 
contacts the side flanges. The 
serrations are cut on an are so 
that the operator will sense the 
change of foot level. 


Fig. 21—Treadles made from 
round cold rolled stock can be 
supported by means of two 
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FIG. 19 


Fig. 19—Lever is cast in the shape of a 
bell crank for use on machines where 
requirements at times are such that it 
is desirable to control an operation by 
foot only and also by hand only. The 
upper end of the lever is fitted with a 
steel knurled handle. 
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plain floor brackets A. To pro- Fig. 22—Removable treadle that projects through an opening in 
vide a non-slip surface a piece machine frame. Treadle arm is made in three parts. Rod B is ihe 
of floor plating can be welded fulcrum. Rectangular hole in arm A holds a short bar C. The 
to the treadle bar. projecting end of bar C fits into rectangular socket in arm D. 
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Question and Comment 


Design for Eliminating Chatter on Planers 


T. ADDISON 


A very interesting problem in ma- 
chine design was encountered some time 
ago when investigation was being made 
regarding chatter marks appearing on 
work machined on a double housing 
planer of an older model when cutting 
with the side head tools. From this in- 
vestigation a new design was evolved 
which has proved very satisfactory. 

One of the primary factors that 
caused the chatter was traced to the 
original practice of holding the cutting 
edges of the side head tools in approxi- 
mate alignment with those mounted on 
the cross rail. Possibly a few jobs 
could be finished in slightly less time 
with this alignment of tools but with 
the increased rigidity and complete 
elimination of chatter obtained with the 
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later design, this time saving is doubtful. 

Sections through the housings and 
method of supporting and guiding of 
the side head saddles of both the origi- 
nal and succeeding design are illustrated 
in Figs. 1 and 2 respectively. Consider- 
ing Fig. 1, it will be seen that the narrow 
guide for the side head saddle is on the 
outer section of the housing, with the 
adjustable tapered gib inserted on the 
inner angular edge. 

Observations made during the investi- 
gation under actual cutting proved that 
the saddle continually vibrated, opening 
and closing at surface A. This bearing 
surface was originally intended to resist 
the pressure of the cut. Actually, what 
produced this vibration and therefore 
chatter, was the fact that the resultant 












action of cut produced a localized bend- 
ing or twisting of the housing through 
section B having a leverage arm equal 
to L. Thus, section C of the housing was 
of little aid to the cutting ability and 
rigidity of the side head, but nevertheless 
necessary for support of cross rail. 

One method of overcoming this obvious 
weakness would be to decrease the over- 
all distance D, thereby decreasing lever 
arm L proportionally. Nevertheless, there 
still remained this inherent bending 
action as long as this type of housing 
section was utilized. Another element of 
weakness with this construction is that 
the resistance to tool pressure of the 
housing must be first absorbed by the 
comparatively thin tapered angular gib. 
As mentioned, Fig. 2 shows the adopted 
design to overcome the weaknesses of 
the original construction. 

Here it is seen that the narrow guide 
has been located between the two up- 
right sections of the housing face with 
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the tapered gib as shown to the left. 
Overhang D, or the distance of the cut- 
tug edge of the tool from the face of 
the housing, has been diminished, thereby 
decreasing lever arm L as pointed out. 
Admitting that there still remains a 
bending or twisting action at section B, 
any tendency for this action to take 
place is immediately nullified by the 
pressure resulting from this action at 
the gib surface and section C of the 
housing, thus holding surfaces at A in 
close contact at all times. This construc- 
tion eliminated all vibration, success- 
fully defeating the appearance of chat- 


ter. Pressure was transformed from the 
gib to solid metal, and increased metal 
removing capacity was made available. 

A similar construction is shown in 
Fig. 3 applied to the face of a column 
of an openside planer. 

Reactions of tool pressure upon the 
side head of a vertical boring mill differ 
somewhat from those obtained on a 
planer side head. Fig. 4 gives some idea 
as to the construction utilized on this 
type of machine. Very gratifying results 
have been obtained here also, princi- 
pally because of the narrow guide and 
double support this construction provides. 


Selecting Bearing Seals 
W. T. SAVAGE, Jr. 


oe washers are generally applicable 
to the simpler bearing arrangements, 
and readily lend themselves to combina- 
tion with other types as a supplementary 
seal. For instance, the seal might take 
the form of a felt washer with a collar 
placed immediately outside, or in com- 
bination with a slinger situated on the 
inside of the washer where oil is the 
lubricant. However, if a bearing housing 
is in one piece and is covered, the use 
of a felt seal increases mounting diffi- 
culties. At high speeds and high tem- 
peratures, the felt may become resinous; 
if it does so, it will become stiff, inelas- 
tic and inefficient. Friction between felt 
washers and shafts may also increase 
bearing temperature, particularly at high 
speeds, and when the felt washers are 
new. No definite speed limits can be set 
for the use of felt washers, however, it 
is a general good practice not to use 
them at speeds exceeding 800 ft. per 
min. when the shaft is only finish-turned. 
Higher speeds are permissible if the sur- 
face of the shaft is ground or polished. 

The grease seal, characterized by nar- 
row rings of grease between the housing 
and the shaft member, is often used in 
combination with labyrinth rings and 
flanges. Straight grooves are satisfactory 
for small high-speed electric motor 
shafts. Labyrinth seals are made with 
one, two or more grooves, a single groove 
being used in place of the felt seal where 
requirements are not too exacting and 
where a felt seal would tend to overheat. 
A two-groove labyrinth is particularly 
suitable if the bearing house is likely to 
be splashed with water or the surround- 
ing atmosphere contains abrasive mat- 
ter. For example, this would be particu- 
larly useful on paper making machines 
or grinding spindles. 

More effective protection is obtained 
by using a labyrinth in combination with 
several grease grooves. It is important 
to remember that several grease grooves 
may be necessary if water comes in con- 
tact with the bearing housing, since 
grease tends to emulsify with the water 
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and become fluid, and consequently may 
be washed away. 

Whether the axial or radial type of 
labyrinth seal is used depends on the 
specific requirements and whether the 
housing is split or in one piece with an 
end cover. Mounting requirements and 
frequency of dismantling are the deter- 
mining factors. It is also important that 
the labyrinth be in the direction of any 
displacement that may occur. 

Another type of radial labyrinth seal 
is the piston-ring type. More costly, this 
seal replaces the housing flanges of the 
typical radial labyrinth with piston 
rings lying in a cylindrical recess turned 
in the collar. The rings have freedom 
of movement in an axial direction. Ad- 
vantages of this design are that the axial 
sealing gap between the ring and the 
collar can be made a sliding fit. This is 
a particularly good design for sealing 
off oil. 

The problem of designing an oil seal 
is not easy, since a grease type seal and 
labyrinth cannot be used with oil in the 
housing. When speed of rotation is low 
the felt washer is the only efficient means 
of sealing available, since the elasticity 
of the felt is better preserved by the oil, 
and contact between washer and shaft is 
intimate. At high speeds, however, there 
still remains the problem of resinification 
on iemperature rise. 

At high speeds, desired sealing may 
be obtained by the use of a small gap 
between the bearing housing and the 
shaft, and slinger-flanges which fling 
the oil back into the housing or cause 
it to collect in a groove in the housing 
from which it is returned through a duct 
provided for the purpose. Simple de- 
signs have grooves which produce the 
same flinging effect as small flanges. 
More elaborate devices have fixed flanges 
or spring-ring flanges located in the 
grooves. These seals can only be used 
when the surrounding atmosphere is dry 
and pure, since all the seal is required to 
do is to prevent oil from being forced 
out of the housing, and not to prevent 





the entrance of a foreign material. When 
it is desired to increase sealing capacity, 
a slinger-ring should be placed on the 
outside of the cavity to keep out foreign 
matter. 

To protect bearings on centrifugal 
pumps, slinger-flanges are often placed 
between the stuffing box and the bearing 
housing. These flanges, however, are apt 
to throw water back onto the shaft in 
bearing housings. 

Leather collars can be used for sealing 
bearings which are lubricated with 
either grease or oil, the collar being a 
closed one-piece leather ring held in a 
recess in the housing. Where pressure is 
not the same on both sides of the ring, 
as in an internal combustion engine, this 
type of seal is very effective, provided 
that the atmospheric pressure acts on the 
leather ring. Otherwise it is preferable to 
fit the ring with its tubular part directed 
toward the bearing housing; this will 
then prevent the spring from becoming 
rusty. Leather collars have the advan- 
tage of simplicity of mounting and do 
not require much space. However, they 
generate friction at high speeds which 
may cause temperature rise and consid- 
erable shortening of the life of the washer 
and bearing. The leather washer should 
not be exposed to temperatures exceed- 
ing 175 deg. F. and should not be used 
when the peripheral speeds exceed 1.800 
ft. per min. with a ground surface. For 
polished surfaces. speeds may be con- 
siderably increased. 


Error in Magnet Coil 
Equation 
To the Editor: 


On Page 98 of your February issue of 
Propuct ENGINEERING, in the article 
“A.C. Magnet Coils.” you have presented 
the formula 

z= 74RxTt 
This indicates that in an a.c. circuit. 
the impedance is the square root of the 
product of resistance and reactance. 

As I recall, the impedance is the vec- 
torial sum of these two terms and the 
formula should read: 


Z=VWR+X 
Josepa PONTE 
Upper Darby, Pa. 


[Editors Note—Mr. Ponte is correct, 
the sign placed between the two members 
under the radical sign should be plus.] 


Design Problem 
Involving Relative Motions 


To the Editor: 


We had a design problem recently in 
which a material strip had to be accu- 
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rately centralized over a die opening. 
We found that the apparently obvious 
design for centralizing failed to work. 
I wonder if some of your readers can 
explain the failure. and how it can be 
rectified ? 

The upper and lower wedges A and 
B, in the illustration, are required to 
move equally and horizontally by a cross- 
wise movement of bar C. For doing this, 
angles and rollers are used which are 
actuated by the rack and pinion move- 
ment shown in connection with hand- 
lever D. The wedges move. or slide 
rather, in 10 deg. angular slots, equally 
positioned on both sides of the die 
opening. 

The object is to clamp and centralize 
material strips of slightly variable 
widths E, between the parallel sides of 
the two wedges. Follower-rolls F, are 
fixed to revolve on the cross-bar, and ride 
in angular driving slots which are cut 
across the ends of the wedges. The prob- 
lem is to determine the correct angles 
for the driving slots, so that both wedges 
will have equal forward movements. 

This is evidently an example in rela- 
tive motions. Such motions are usually 
hard to understand clearly. It was found 
that since the wedges were of opposite 
hands, that is, right and left, the driving 
angles, relative to bar C, must not be 
equal. This was contrary to what anyone 
would naturally suppose. If they are 
made equal. or each 45 deg., it was 
found that when bar C travelled in direc- 
tion G, the upper wedge moved ahead 
faster than the lower, in closing. This 
fault, of course, entirely defeated the 
purpose of accurate centralization. Sup- 
posing that both wedges were straight, 
that is, if the 10 deg. angles were zero, 
then the correct driving angles would 
obviously be equal. In that case, 45 deg. 
angles would. of course, be selected for 
easy driving. Why did the 45 deg. angles 
fail in this case? What should these 
driving angles be in order to move the 
wedges forward equally and thus central- 
ize the strip? Readers’ comments will 
be appreciated. ae. eM, 

Chicago, Ill. 
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Correction 


To the Editor: 

We note on page 109 of the Marck 
number of Propuct ENGINEERING that a 
machine for recording sound on film is 
shown and described. Upon the casing 
appears in raised letters the word “Rec- 
ordgraph” but, in the description the 
apparatus is referred to as the “Rec- 
ordak.” 

We assume that this was a slip on the 
part of the person writing the descriptive 
material since the word “Recordak”’ is 
the trademark of the Recordak Corpora- 
tion, a subsidiary of the Eastman Kodak 
Company, and is applied to apparatus 
made by them for photographing checks 
and other documents upon 16 mm. film. 

—N. M. P. 
Rochester, N. Y. 


| Editor’s Note—The correct name _ for 
the recording machine is, of course, the 
“Recordgraph” and the use of the word 
“Recordak,” with which machine we are 
also familiar, was entirely due to haste 
in preparing the copy for publication. | 


Torsional Modulus 


For Steel Springs 
To the Editor: 


In your February issue of Prov cr 
ENGINEERING on page 66 is an article by 
Wm. Wallace Boyd on Belleville spri! gs. 

In this article Mr. Boyd made the 
comparison of the dimensions of a Belle- 
ville type spring with an ordinary coil 
spring for the same load and deflection, 
and in his figures for the coil spring he 
used 15.000.000 for the modulus. 

This figure is entirely too high as we 
find that hot rolled bars in either plain 
carbon steels or chrome vanadium have 
a modulus very close to 10,500,000 and 
for drawn wire 11,500,000 is the corre- 
sponding figure. 

We use these figures in our regular 
practice every day with very good re- 
sults, and we thought you might feel 
like making some correction for the 
benefit of your readers. 

—E. W. STEWART 
The William D. Gibson Co. 


Corrosion Prevention 
To the Editor: 


My attention has been called to the 
quotation from my paper on corrosion 
given by Ed West under the Question 
and Comment section of P. E. for Decem- 
ber, 1939, on page 552. 

For the benefit of any who may have 
been baffled by one sentence, may I point 
out a typographical error. The last sen- 
tence in the second column which starts, 
“The hole was then finished with the im- 
proved fibre and paint—”, should read. 
“The whole was then finished with the 
approved primer and paint coating.” 

This will be a little more understand- 


able, I’m sure. R. S. Bantam 


Commander, U. S. Navy 





Can You Work This One? 


H. E. SMITH 


Solution to March problem— 


Honest Monkey 


The first sailor divided the big pile into 
five equal piles and had one cocoanut 
left over which he saved for the monkey. 
He then hid one pile away and pushed 
the other four together, including the 
nut for the monkey. Each one of the four 
remaining sailors did exactly the same 
thing. The remaining pile divided evenly 
among the five. For the least number of 
cocoanuts in the original pile, 

, N“ D 
X a Ty x IR 1) + 1 
When N is odd, X = N* + 1 in which 


X is the total number of nuts and N the 
number of sailors. Substituting it is found 
that the original pile contained 3,126 
nuts and the remainder in the morning 
was 1,025 nuts, each sailor having stolen 
625, 500, 400. 320 and 256 nuts. 


This Month’s Problem— 


Share of Expense 


For $4.00 a man hired a team to drive 
to a city 12 miles distant and return. At 
a crossroads 6 miles distant he took on a 
passenger who rode to the city and back 
to the crossroads. What would be the 
passenger’s proper share of the expense? 
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Chemically Pure Copper 


Now Produced Commercially 


Greater electrical conductivity, higher ductility and fatigue resistance 
and extraordinary surface qualities are outstanding characteristics. 


FTER a 10 year research and de- 
velopment program costing well into 
seven figures, the Phelps Dodge Copper 
Products Corp., has perfected for com- 
mercial production chemically pure cop- 
per possessing highly superior charac- 
teristics, as announced by Mr. Wylie 
Brown, president of that corporation. 
Essentially, this new form of copper 
outstanding properties by 
virtue of the high chemical purity ob- 
tained by the patented production process 
used. The first step in the process is the 
manufacture of a brittle form of electro- 
lytic copper. Broken pieces of the elec- 
trolytic copper are then baled into the 
form of a cylinder and pressed under 
high pressure. This highly porous cylin- 
der of chemically pure copper is then 
placed in a furnace with a reducing 


derives its 





The unusual smoothness and brightness 
of the new PDCP copper is shown by the 


extruded bar at the right. The bar at the 
left was twisted 30 turns and still has a 
comparatively smooth surface. Rupture 
tests indicate high ductility 
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atmosphere and heated for a number of 
hours to reduce possible oxides and to 
eliminate all possibilities of oxygen in- 
clusion. The copper cylinder is then 
placed in an extrusion press and the 
metal, at a temperature slightly below 
fusion, is extruded through a die of the 
desired shape. which may be a round. 
hexagonal or rectangular. 

Basically, the copper is of the oxygen 
free type and it is the only solid copper 
produced which is not melted subse- 
quent to the electrolytic purification 
process. Hence, the intrinsic purity of 
electrolytic cathode copper is retained 
completely whereas in ordinary copper 
the melting and pouring results in some 
oxidation and permits impurities to get 
into the copper. 

One of the principal difficulties with 





copper windings in motors and trans- 
formers is the existence of imperfec- 
tions. These may be in the form of copper 
dust or slivers on the surface of the wire 
developed during the hot rolling of the 
cast copper bars. During the winding of 
the coil, or subsequently as a result of 
vibrations and magnetic stress, particles 
on the imperfect surface of the copper 
may break away and penetrate the in- 
sulation, causing short circuit. 

Because this new method of producing 
copper eliminates not only the casting 
process, but also the hot rolling process, 
it has made production 
of a sliverless and dustless copper sur- 
face heretofore obtainable only in the 
laboratory. 

Briefly, the electrical conductivity of 
this chemically pure copper, known as 
PDCP copper. is about % per cent 
greater than that of electrolytic copper 
and its density is about 3/10 of 1 per 
cent greater. Its ultimate strength is 
about the same as that of ordinary cop- 
per. but its reduction of area for hot- 
rolled bars is about 82 per cent as com- 
pared to 62 per cent for ordinary copper. 
Its greater ductility is further evidenced 
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Extraordinary ductility and surfaces that have a smoothness comparable to electro-plating 
are the two outstanding features of the new PDCP copper announced by Wylie Brown 


(right), president of Phelps Dodge Copper Products Corporation. 


In front of Wylie 


Brown is a cylindrical briquette of pure electrolytic copper which is later heated and 
extruded. H. A. Staples (left), vice-president in charge of engineering of Phelps Dodge, 
supervised the ten years of experimenting required to develop the new copper 
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by the fact that a one-inch diameter bar 
can be rolled to a strip only 0.01 in. 
thick without any annealing operations. 
This greater ductility permits sharper 
bends, easier forming and easier draw- 
ing. The metal is said to approach the 
malleability of gold. 

The new PDCP copper is said to be 
especially suited for submarine cables, 
refrigeration and air conditioning in- 
stallations, airplane wiring, electric 
locomotive and any services where severe 
vibration is a problem. Its amazing duc- 
tility which is not noticeably reduced by 
cold working makes this copper espe- 
cially suitable for all mechanical parts 
that must be produced by cold rolling, 
cold forging or deep drawing. 


New Industrial Uses 


For Platinum Metals 
Eaa sen production of large 


sheets of common metal with thin 
claddings of platinum or palladium on 
one or both sides and the commercial 
production of platinum clad tubing have 
made possible the much wider use of 
these rare metals in the chemical indus- 
try. Platinum clad sheets have additional 
possible applications in the drug, glass, 
food and similar industries where corro- 
sion resistance and the search for non- 
contaminating materials are problems. 
Platinum alloys are also used for con- 
tacts in magnetos for aircraft and in Eng- 
land platinum electrodes are used for air- 
craft engine spark plugs. Contacts for 
magnetos are platinum-iridium, platinum- 
ruthenium or platinum-rhodium alloys. 
Rhodium surfaced reflectors have been 
in use for some years for searchlight and 
flood lights. Platinum-rhodium spinnerets 
are now being used in the production of 
rayon. In the fields of dentistry, jewelry 
and the decorative arts the use of plati- 
num dates back many decades. 


Dr. Edgar Foresees 
Greater Fuel Efficiency 


EVELOPMENTS which will give the 

automobile driver 50 per cent more 
mileage to a gallon of gasoline were re- 
cently predicted by Dr. Graham Edgar, 
director of research of the Ethyl Gasoline 
Corporation. The automotive engine of 
the future will take advantage of gradual 
developments in the refining art, a fact 
which is foreshadowed by experiments 
already carried out to determine the 
possibilities of increasing compression 
ratios where the anti-knock value of the 
fuel is not the limiting factor. This state- 
mert confutes testimony presented to the 
T.N.E.C. to the effect that the engine of 
today has reached the limit in high com- 
pression ratio. With these developments, 
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an increased use of supercharging, now 
restricted almost entirely to aircraft, was 
also predicted by Dr. Edgar. Tests with 
an 8-cylinder supercharged engine show 
that it delivers a maximum horsepower 
of nearly twice that of the unsuper- 
charged engine. Comparing the fuel con- 
sumption characteristics of a large un- 
supercharged engine with a smaller 
engine of half the displacement of the 
larger engine, but with a supercharger 
cutting in whenever maximum horse- 
power is required, it has been found that 
the fractional load economy of the small 
engine is vastly superior to that of the 
large unsupercharged engine. 


Do You Know That — 


THE LIFE OF RUBBER SPRINGS worked 
in vibration, in contrast to metal springs, 
is shorter under low stress conditions 
than when the stress is high. (6) 


A PORTABLE INDUSTRIAL “GUN”, using 
shells loaded with smokeless powder, 
will drive a Y%-in. threaded stud into 
14-in. steel plate. (7) 


WHEN TWO HALVES OF A PART, such as 
a split bearing, must fit together per- 
fectly, the job can easily be done by 
making the part in one piece accurate to 
size, and cutting a notch at the point of 
separation after hardening. When the 
piece is struck with a sharp blow, it will 
split through the notch, giving two pieces 
with a perfect fit. (8) 


Colloidal Graphite For 
LubricatingHotSurfaces 


ONTINUOUS 275-ft. chain-driven 

plate type conveyors in the plant of 
the Champion Spark Plug Company, 
Ceramic Division in Detroit, Mich., carry 
spark plug insulators from a loading 
station, through a kiln and then to final 
inspection. Difficulty was met in lubri- 
cating the guide plates on which the con- 
veyor plates slide. Ordinary lubricants 
burned off, carbonized and flaked. It was 
also desired to use a lubricant that would 
not damage the porcelain pieces if it got 
on them. 

The problem was solved through the 
development of a method of “dry” lubri- 
cation. At a point just beyond where the 
conveyor leaves the kiln, two automatic 
Norgren lubricators of the air-operated 
spray type were installed in such a man- 


ner as to spray “dag” colloidal graphite 
suspended in carbon tetrachloride di- 
rectly on the lower bearing surfaces and 
chain links of the conveyors as the plates 
passed over the lubricator. At this point 


the conveyor has a temperature between 
375-400 deg. F., and therefore the carbon 









tetrachloride of the colloidal graphite 
evaporates almost instantaneously, leav- 
ing a coating of dry graphite on the wear 
surfaces. À small amount of kerosene and 
oil is added to the carbon tetrachloride 
to slow up evaporation slightly and thus 
allow the graphite to completely cover 
and lubricate the bearing surfaces. 

When first installed, the automatic 
lubricator was operated periodically 
during the day. Since then, it has been 
found that operating it for a short period 
once a day is enough because the de- 
posited colloidal graphite adheres firmly 
to the surface to give satisfactory 24-hour 
lubrication. 


Lubrication of Kiln Cars 


Another similar example in the Cham- 
pion plant is found in connection with 
the handling of kiln cars. While passing 
through the kilns, the wheel bearings of 
the cars are at a temperature of around 
450 deg. F. continuously for three days. 
The lubricant formerly used had a tend- 
ency to carbonize, the carbon building 
up so that the wheel would lock. This not 
only -increased the load on the pusher 
excessively but also made it extremely 
difficult to handle the cars after they 
left the kiln. Powdered graphite, mixed 
with kerosene, was tried with consider- 
able improvement. It was found difficult, 
however, to keep the graphite from set- 
tling out. 

The use of colloidal graphite suspended 
in kerosene solved the problem. Kiln car 
bearings are now given an injection of 
this lubricant twice a day while out of 
the kiln. When they come out of the kiln 
at the end of three days, the bearings are 
free enough so that one man can handle 
a two to three ton car without difficulty. 





Meetings 


AMERICAN FouNDRYMEN’S ASSOCIATION 
—Annual convention and exhibition of 
foundry equipment. International Amphi- 
theatre, Chicago, Ill., May 6-10. 


ÅSSOCIATION OF Gas APPLIANCE AND 
EQUIPMENT MANUFACTURERS—Annual 
convention, French Lick, Ind., May 20-22. 
F. H. Adams, president of the Associa 
tion, 60 E. 42d St., New York, N. Y. 


AMERICAN GEAR MANUFACTURERS 
Association—Annual convention, Grove 


Park Inn, Asheville, N.C., May 20-22. 
J. C. McQuiston, secretary, Penn-Lincoln 


Hotel, Wilkinsburg, Pa. 


AMERICAN Society For Testine MA- 
TERIALS—Annual_ meeting, Chalfonte- 


Haddon Hall, Atlantic City, N. J., June 
24-28. C. L. Warwick, secretary, 260 $. 
Broad St., Philadelphia, Pa. 
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Split-Cycle Welding Timer 


Control of welding time to a half-cycle 
of current on any resistance welder is 
provided by this new weld timer. The 
timer may be adapted to any standard 
resistance welding machine, and is 
recommended for welding thin-section 
stainless steel, aluminum, brass screen, 
copper lugs and similar applications 
where unusually high heat and close 
control of welding time is essential. 





Timer provides a full positive half-cycle 
to permit use of the highest heat in the 
shortest possible time. “Model 90-1” 
is available for 220 to 550 v. with fre- 
quencies of 25, 50 and 60 cycles. Am- 
perage range of 150 to 600 is available. 
New unit consists of two relays in addi- 
tion to one electronic and one rectifier 
tube, panel mounted and enclosed in a 
hinged-cover case. Relay closes on the 
minus half cycle permitting timer to 
fire on the positive half cycle. Weltro- 
nic Corp., 2832 E. Grand Blvd., Detroit, 
Michigan. 


Speed Reducer 


Double spur or combination spur and 
mternal gear, ball bearing mounted on 
drive shaft eccentric, meshes with a sta- 
tionary internal gear. In mesh with 


the secondary gear is either a spur or 
mternal gear which is solid and con- 


centric with the output shaft. Eccen- 


tnie drives initial spur around pitch line 
of the stationary internal gear. 
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initial spur and secondary gear are solid, 
the speed of the latter is controlled by 
the ratio between initial spur and sta- 
tionary gear. Efficiencies of this design 
range between 70 and 90 per cent with 
reduction ratios from 20 to 1 up to 7,500 
to 1l. Brad Foote Gear Works, 1301 
S. Cicero Ave., Cicero, Ill. 


Four-Speed Transmissions 


Transmissions for application to cone- 
driven machine tools. Three models, a 
Master for 1 to 5 hp., a Major for 5 
to 10 hp., and a Super built to specifica- 
tion for machines requiring larger than 
10 hp. motors, are available. Transmis- 
sion case and covers are semi-steel cast- 





ings, gears and spline shafts are alloy 


steel, machined to close limits and 
ground. All of the moving parts run in 
an oil bath. Revolving shafts are 


mounted on anti-friction bearings. Oil 
seals are provided where necessary. 
Selective speed changes, forward and 
reverse, through one lever of the automo- 
tive gear shift type are 1:1, 2:1, 3:1, 
and 4:1. Transmission is supplied with 
brackets for motor and for attachment 
to machine. Western Manufacturing 
Company, Detroit, Mich. 


Portable Rectifiers 


A rectifier unit consisting of a bank of 
tubes and an auto or isolated trans- 
former. Voltmeters and ammeters can be 
added to the unit with suitable controls 
for positive current adjustment, or the 
unit can be furnished with variable volt- 
age controls. Any form of open, drip- 





proof, splash-proof or explosion proof 
case may be furnished. These units are 
designed for use on 110 or 220 volt, single 


phase ac circuits. Any output voltage 
may be furnished, either constant or 
adjustable and the unit can be designed 
for use on circuits of different or variable 
input voltages. Cassels Engineering & 
Machine Co., Wauwatosa, Wis. 


New Welding Cable 


Instead of the customary two current- 
carrying cables this new cable has four. 


The method of arranging the duplicate 


positive and negative cables neutralizes 
each other’s magnetic fields. At gun and 
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transformer ends, each pair of positive 
and negative cables are joined together 
to provide a single bolt solid attachment. 
The seamless rubber covering maintains 
cables in their relative position between 
the gun cooling lines and the control 
cable which forms the core of the unit. 
Water cooling for the current cables is 





circulated through the cable itself. This 
cable is available in 250,000, 400,000 
and 750,000 CM capacities and in 6. 8 
and 10-ft. lengths. Progressive Welder 
Co., 3028 E. Outer Drive, Detroit, Mich. 


Engine-Driven 
Centrifugal Pumps 


A line of centrifugal pumps driven by 
power units in five sizes from 18 to 110 
h.p. with a choice of fuels: gasoline, 
kerosene, distillate, natural gas. or bu- 
tane. Power units have valve-in-head 
medium speed engines, with removable 





cylinder liners, force-feed lubrication 
and a variable-speed governor. The cen- 
trifugal pumps are horizontal-shaft. 
single stage, single- or double-suction 
pumps designed for handling liquids 
at normal temperatures with maximum 
efficiency. To facilitate handling, en- 
gines and pumps are mounted together 
and are available in many combinations 
to meet various requirements in quan- 
tity and pressure up to 5.000 gal. per 
min. and 100 ft. head. Allis-Chalmers 
Mfg. Co.. Milwaukee. Wis. 
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Auxiliary Switch 


Electrically operated auxiliary switch 
for making and breaking several circuits 
simultaneously. Switch is provided with 
any arrangement of make and break 
contacts up to 10. By means of geared 
switches and parallel or series arrange- 
ment of the switch coils. any desired 
number or combination of circuits can 
be handled satisfactorily. Two standard 
operating arrangements are provided: 
one can be tripped from the front of 
the panel by rotating the handle, as 
well as by energizing the shunt trip coil, 
the other can be tripped only by the 
operating mechanism behind the panel. 
Position of the handle provides visual 
indication of the last operation of the 
switch. Contacts are normally held in 


or) 


“reset” or “open” position against the 





force of a torsional spring by a position 
latch. Two independent latches and 
springs insure positive action; if the 
latch is moved partly toward the un- 
latched position, it will slide back to the 
completely latched position upon being 
released. Westinghouse Electric and 
Manufacturing Co., East Pittsburgh, Pa. 


Photoelectric 
Experimental Set 


Simplified, multi-purpose apparatus. 
Model E-77, consisting of a photo elec- 
tric robot relays a long range light 
source with invisible beam infra-red 
filter; and a signal-switchboard equipped 
for both audible and visible signal 
demonstrations. Set comes assembled 
and ready to plug into any 115 v., 50-60 


cycle outlets. Nearly all commercial ap- 
plications of photoelectric equipment «an 
be duplicated; the robot relay and licht 
source may also be used for permanent 
practical installations. No batteries are 
required. Set is a sensitive, stable, low 
cost piece of apparatus to make photo- 
electric operation and application under- 
standable to laymen, as well as engi- 
neers. With a small investment in equip- 
ment and time, executives and plant 
engineers can make experimental hook- 
ups of various applications to specific 
problems and test the practicability of 
installing commercial equipment. Reh- 
tron Corp., 2159 Magnola Ave.. Chi- 
cago, Ill. 


Ball Bearing Units 


Ball bearing units complete with hous- 
ings for incorporating into machines as 
integral parts have been developed. Avail- 
able in three capacities: for light, medi- 
um and heavy loads, with either single 
row, double row or self-aligning bear- 





ings. In the light series the bearings are 
mounted directly on the shaft; in the 
medium and heavy units the mounting is 
through a split adapter sleeve in a 
tapered bore bearing. Retaining caps, ex- 
pansion or non-expansion units are op- 
tional. Using Neoprene the design pro- 
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vides a labyrinth seal which is friction- 
less and prevents entrance of dirt and 
other harmful substances. Ahlberg Bear- 
ing Co., 3062 W. 47th St., Chicago, Ill. 


Gasoline Engine 


Compact four-cylinder valve-in-head 
engine model U-2 with 3-in. bore and 
4-in. stroke, develops 22 hp. when 
operating on gasoline on regular full- 
load governed speed of 1,800 r.p.m. 
Piston displacement is 113.1 cu.in. Max- 
imum net torque is 78 lb.ft. at 1,000 
r.p.m. Nine-inch single-plate clutch is 
of the over-center type. A spring-loaded 
clutch is also available. Approximate 





weight less fuel, oil and water, is 665 
lb. Overall length is 5014 in.; width, 
205% in., and height, 4014 in. Governor 
is of the lever-adjusted variable speed 
fly-ball type, and has full control of the 
throttle at any engine speed from 1,000 
to 1,800 r.p.m. Governor springs giv- 
ing close regulation at 1,200 r.p.m., as 
for generator service, are available. In- 
ternational Harvester Co., 180 N. Michi- 
gan Ave., Chicago, Ill. 


Wire Rope Fittings 


The Fiege fitting provides a connec- 
tion having full-rated cable strength and 
enables completion of a wire rope at- 
tachment in five or ten minutes with a 
wrench and screw driver. Wire rope is 
passed through the smaller part of the 
fitting and its strands are broomed out 
or separated. A small metal plug is 
placed in the center of the separated 
strands and the smaller part of the fit- 
ting is screwed into the larger. Thus 
the plug serves as a wedge holding the 
strands firmly in place. The connection 
may be inspected through a hole in the 
fitting. The stud end fitting is shown 
as part of a turnbuckle, but the fittings 
are also available with either jaw or 
eye ends for connecting wire ropes of 
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‘s to l in. in diameter. Where wire 
rope is used under corrosive conditions, 
these fittings are made of Monel. Elec- 
troline Co., Chicago. Il. 


Electric Eye 
Smoke Alarm 


This equipment continuously observes 
smoke passing through a flue. It in- 
dicates the smoke density on a dial 
which reads from zero to 100. The 
equipment is readily set so that a large 
red signal light indicates when the 
smoke density exceeds a predetermined 
value consistent with efficient combus- 
tion. The smoke alarm consists of a 
photoelectric control, densometer-signal 
combination, and light source. The 
light source and photoelectric control 
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are mounted on opposite sides of the 
flue or breaching, and are aligned 
through simple entrance tubes or win- 
dows so that the beam projected from 
the light source strikes the eye of the 
control. The densometer can be placed 
at any convenient location and is wired 
to the photoelectric control. All equip- 
ment is supplied in rugged dustproof 
housings, and is attractively finished in 
dark green crystal. Photoswitch, Inc., 
21 Chestnut St., Cambridge, Mass. 


Aluminum Bronze 


Aluminum bronze of low iron content 
with improved physical properties, also 
susceptible to heat-treatment, is made 
possible by the close control of the alloy- 
ing operation. The alloy’s proportional 
limit has been raised from 18,500 lb. 
per sq. in. to 31,000 lb. per sq. in., which 
permits designing engineers to increase 
stress allowances by 72 per cent in a 
given section. The treatment automat- 
ically controls rate of cooling, there- 
fore, equal physical properties may be 
expected of small, medium or large 
castings. Known as Ampco Metal 18-23, 
the alloy is particularly well suited for 
use by the aircraft industry. Ampco 
Metals, Inc., Milwaukee, Wis. 


Light Weight Steel Channel 


Weighing only 6% lb. to the ft. 10-in. 
hot rolled steel channel sections. 
Claimed to be stronger than cold formed 
steel channels of equal weight, this new 





channel meets the requirements of the 
American Institute of Architects, the 
American Institute of Steel Construc- 
tion, and the American Society of Test- 
ing Materials for structural grade steel. 


Jones & Laughlin Steel 


Pittsburgh, Pa. 


Corporation. 


Immersion Heaters 


New Corox immersion heater for oil 
tempering baths, is made of the high- 
quality steel tubing. Heaters have a 
low watt density of approximately 11 
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watts per sq. in. of active tube surface 
and are available with an effective heat- 
ing depth of either 5 or 10 in. 5-inch 
units have a rating of 2000 watts at 115 
or 230 v., and 10-in. units have a rating 
of 4000 watts at 115 or 230 v. Any of 
these models may be connected to 440 
v. in series. Westinghouse Electric & 


Manufacturing Co., Mansfield, Ohio. 


Flat Spray Nozzles 


Nozzles are for metal cleaning and 
processing, and industrial washing ma- 
chines, or wherever spray patterns over- 
lap which require flat spray with heavy 
center. Nozzles have 4 in. male pipe 





connections, with capacities ranging 
from 1/5 to 34 g.p.m. at 10 lb. per sq. 
in. pressure and 3 to 7 g.p.m. at 40 lb. 
per sq. in. pressure. Standard construc- 
tion is brass or iron, other metals can 
be specified. Spraying Systems Co., 
4011-21 W. Lake St., Chicago, Il. 


Hard-Facing Electrodes 


Known as “Faceweld No. 1,” and 
“Faceweld No. 12,” these electrodes are 
cast abrasion-resisting alloys used for 
hard-facing by the metallic are process. 
These coated electrodes have good arc 
characteristics and produce a smooth 
dense deposit resistant to abrasion, but 
not excessively hard or brittle. “Face- 
weld No. 1” is a general purpose elec- 
trode with good abrasion resistance and 
high resistance to impact. ‘“Faceweld 
No. 12” is harder than No. 1 and has 
superior resistance to abrasion. Resist- 
ance to impact is not as high as that of 
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“Faceweld No. 1.” For “Faceweld No. 
1” single layer hardness approximates 
45 to 52 Rockwell C and multiple layer 
hardness approximates 52 to 58 Rockwell 
C; “Faceweld No. 12” single layer hard- 
ness approximates 52 to 57 Rockwell 
C, multiple layer hardness approximates 
55 to 59 Rockwell C, but these values 
will vary depending upon the material 
to which they have been applied and 
application conditions. Lincoln Electric 


Co., 12818 Coit Rd., Cleveland, Ohio. 


Stabilflo Valves 


Suspended construction requires no 
guides, therefore there is no guide fric- 
tion. Friction occurs only in the stuffing 
box packing. The motor may be re- 
moved without disturbing motor adjust- 
ments, or its relation to the valve. The 
one-piece bonnet end stuffing box assem- 
bly increases strength and eliminates 
joints. Stuffing box is lubricated. 
Plungers are provided with top and bot- 
tom guides of polished stainless steel. 
Three types of plungers are available 
offering a choice of wide range V-port, 
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or parabolic plugs where the emphas 
is on wearing qualities rather than « 
control performance, or a wide rati 
turned plug valve. The Foxboro Ci 
Foxboro, Mass. 


Timers 


New series of automatic reset timers 
and time delay relays for industrial ap- 





plications. Timers are furnished with 
eight terminals and have positive 
mechanical lock, magnetically operated. 
Paragon Electric Co., 37 W. Van Buren 
St., Chicago, Ill. 


Sintering Powder 


Powder which may be pressed into 
any desired form by the accepted meth- 
ods used in powder metallurgy, which 
when sintered results in a steel “Sinter- 
loy”. May be obtained in three composi- 
tions for the production of steel hav- 
ing a carbon content of approximate 
0.15, 0.40, and 0.80 per cent. In most 
cases the powder may be pressed di- 
rectly into the shape of the finished 
product so that machining costs and 
metal losses are eliminated. “‘Sinterloy” 
is suitable for products such as gears. 
cams, pump rotors, washers, pins and 
rivets, and is being used successfully 
for splines operating at high speed under 
alternating stresses where fatigue en- 
durance is of importance. It may be 
hardened by heat treatment to the ac- 
cepted hardness obtainable with steels 
of corresponding carbon content. “Sin- 
terloy” fabricated parts, properly treat- 
ed, are said to have a tensile strength 
of the same order as cast and alloy steels. 
Charles Hardy, ine., 415 Lexington Ave., 
New York, N. Y. 
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Manufacturers’ Publications 








Materials 


ALLoy Steets—Babcock & Wilcox Tube 
Co., Beaver Falls, Pa. Publication “Appli- 
cation Data” which presents briefly sum- 
marized information relating to the applica- 
tion of B & W Croloys and other tubular 
material for high temperature service. Data 
are given on 15 different materials, under 
the heading of Technical Data Card No. 6. 


MeEHANITE Metat—The Meehanite Re- 
search Institute, 311 Ross St., Pittsburgh, 
Pa. A handy 9-in. wheel chart which 
contains complete engineering data on the 
various types of Meehanite castings now 
available. The chart reveals the physical 
properties of general engineering castings 
as well as those of heat, corrosion and wear- 
resisting types. 


Mechanical Parts 


GREASE AND Om Cups—The Hunter 
Pressed Steel Co., Lansdale, Pa. An 8-page 
4x 8% in. folder. Describing various types 
of grease and oil cups. 


Heavy Sprincs—The Fort Pitt Spring Co., 
Pittsburgh, Pa. Catalog No. 4. 36 pages of 
technical data on heavy railroad springs, 
both elliptical and helical types. Formulas 
and charts are included in the catalog. 


InpUsTRIAL BeEARINGS—Bunting Brass & 
Bronze Co., Toledo, Ohio. General Catalog 
No. 40. Containing a complete listing of 
Bunting bearings, also including bronze 
tubular. and solid bars, babbitt metal and 
technical data. 


LEATHER Bettinc—The Chicago Belting 
Co., 113 No. Green St., Chicago, Ill. 24 
page 814x11 in. condensed catalog. De- 
scribing a line of leather belting, illustrated 
with typical applications. Contains horse- 
power ratings for flat leather belting. 


LEATHER BeLTS—Alexander Bros. Inc., 406 
N. Third St., Philadelphia, Pa. A four-page 
81⁄4 x11 in. catalog. Describing the Alex- 
ander Duplex leather link belt, which has 
particular application to the lumber, textile 
and paper industries. 


MacuinE Toot TRANSMISsIONS—The 
Western Mfg. Co., 3428 Scotten Ave., De- 
troit, Mich. Four-page folder, 84x11 in. 
Describes briefly the construction and speci- 
fications of Western machine tool transmis- 
sions. 


MecHANIcAL Parts—The Pyott Foundry 
& Machine Co., 10 index cards 344x514 in. 
Reference file and describing the ball bear- 
ings, castings, chains, couplings, sheaves, 
sprockets, pulleys and Vee-tex available 
from the Pyott Foundry & Machine Co. 


Mo.pep Beartncs—Gatke Corporation, 
228 N. LaSalle St., Chicago, Ill. Eight-page 
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84x11 in. folder. Describing the line of 
molded non-metallic bearings manufactured 
by this corporation and giving characteristics 
and typical applications of the various types. 


NozzLes AND NozzLe Accessories—Spray- 
ing Systems Co., 4021 W. Lake St., Chicago, 
Ill. Catalog No. 20. Describing various 
types of spray nozzles, and including charts 
and tables on capacities and typical appli- 
cations. 


Roller 
Supple- 
Engineering 
42 pages of engineer- 

single-row tapered 


Rotter BeArtincs—The Bower 
Bearing Co., Detroit, Michigan. 
ment No. 2 to the Bower 
Journal, 844x11 in. 
ing information on 
roller bearings. 


Rotter CHatNs—The Morse Chain Co., 
Ithaca, N. Y. Bulletin R-54. 24 pages of 
engineering data on construction, capacities 
and applications of Morse roller chains. 


Socket Screws—The Bristol Co., Water- 
bury, Conn. Bulletin No. 840, 84x11 in. 
Describing hollow and socket head screws. 


Sprinc SPECIFICATION Form—Lee Spring 
Co., 30 Main St., Brooklyn, N. Y. Four 
page, 84x 11 in. folder. Containing a form 
detailing physical specifications, permissible 
variations, operating conditions, and also 
including a page illustrating the design of 
helical spring ends. 


STABILFLO VALves—The Foxboro Co., Fox- 
boro, Mass. Folder No. DMF 789, 8% x 11 
in. Describing the recent improvements in 
and characteristics of the Stabilflo high lift 
valve. 


Stock Gears—The Brad Foote Gear 
Works, 1301 S. Cicero Ave., Cicero, Ill. A 
246-page, 544x744 in. catalog No. 110. 
Describing the line of gears, reducers, cog 
belts, sprockets, bearings, pulleys and chain 
manufactured by this company. A 36-page 
engineering section, included in the back of 
the book, contains dimension rules for gears, 
tables of tooth parts and trigonometric func- 
tions and tables. 


V-BeLtt SHeAves—The Sterling Aluminum 
Products, 2925 N. Market St., St. Louis, Mo. 
Four page, 844x11 in. folder. Describing 


machine-grooved, balanced aluminum 
sheaves. 
Electrical Parts 

Capacitor. Motors — General Electric 
Co., Catalog No. GEA-2915A. 8 page 


8'4xll-in. folder. Describing the applica- 
tion, construction characteristics, and rat- 
ings of general purpose capacitor motors. 


ELECTRIC HEATERS AND Controts—The 
American Instrument Co., 8010 Georgia 
Ave., Silver Spring, Md. Bulletin 2075, 28- 
page catalog. Describing the latest devices 


for application of electric heat to industrial 
processing and laboratory service. Types 
described include immersion heaters, space 
heaters, room heaters and various controls. 


ELecTRIC HEATING Units AND CONTROLS— 
The Westinghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 38-page catalog, 81⁄4 x 11 
in. Containing a complete listing of electric 
heating units and controls for industrial ap- 
plications. Also included are nine pages of 
application data and photographs of actual 
installations. Catalog 28-000. 


ELECTRICAL EQuipMENT — The General 
Electric Co., Schenectady, N. Y. Bulletin 
GEA-3311l. 4-page 84x11 in. folder. De- 
scribing the various types of electrical 
equipment available for machine tools. 


Inpuction Motors—The Reliance Electric 
& Engineering Co., Ivanhoe Rd., Cleveland, 
Ohio. Bulletin No. 118, 81⁄4 x11 in. Four 
pages describing the design features of the 
Types AA Reliance ball-bearing squirrel- 
cage induction motor. 


INDUSTRIAL Wirtnc—General Electric Co., 
Bridgeport, Conn. Publication No. 51-919. 
Describing modern wiring methods and ma- 
terials for factory application. Case histories 
of several factories are given in the manual. 


Micro-SwitcHes — The Micro Switch 
Corp., Freeport, Ill. General bulletin and 
data sheet No. 20. Four pages, 844 x 11 in. 
Describing the characteristics and dimen- 
sions of micro switches of various types. 


Micro-SwitcHes—The Micro-Switch Corp. 
Freeport, Ill. Data sheet No. 8, 814 x 11 in. 
Four pages containing the specifications and 
the description of the mechanical con- 
struction of the Type LK interchangeable 
precision limit switch with a roller actuator. 


PoTeNTIOMETERS—Leeds & Northrup Co., 
4934 Stenton Ave., Philadelphia, Pa. 24- 
page booklet, 734x104 in. Describing the 
Potentiometers K-l1 and K-2, including a 
section on accessories. 


Rectiriers—The Cassels Engineering & 
Machine Co., P. O. Box 114, Wauwatosa, 
Wis. Bulletin No. RC1-18, 16 pages 534 x 
814 in. Describing the advantages of power 
rectifiers for speed control and magnetic 
devices. 


Rotary Converters—The Janette Mfg. 
Co., Chicago, Ill. 84x11 in. single page 
form. Containing specifications and capaci- 
ties of the Janette rotary converters. 


THERMAL SwitcHes—The Arrow-Hart & 
Hegeman Electric Co., 103 Hawthorne St., 
Hartford, Conn. A single 84x11 in. cata- 
log page. Describing the new “Load Limit,” 
thermal switches for single phase motors 
up to 144 hp. maximum or for polyphase 
motors up to 2 hp. maximum. 


Wirinc Devices—The Arrow Electric Di- 
vision of the Arrow-Hart & Hegeman Elec- 
tric Co., Hartford, Conn. Catalog No. 27, 
8144 x10 in. 88 pages of wiring devices of 
all types. 


Wirinc Devices—The Hart & Hegeman 
Div. of the Arrow-Hart & Hegeman Electric 
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Co., Hartford, Conn. Catalog No. X, 84x 
10. 88 pages. Describing wiring devices of 
all types and including complete specifica- 
tions. 


Wiring Hanppook—General Electric Co., 
Bridgeport, Conn. A 28-page handbook pub- 
lished by the appliance and merchandise 
department of the General Electric Co., to 
serve as a guide for planning electrical wir- 
ing on farms. Methods of determining 
feeder sizes are given and typical installa- 
tions illustrated. One chapter is devoted to 
the various elements that should be in- 
cluded in specifications; another deals with 
the materials that can be used for various 
systems. 


Miscellaneous 


BLUEPRINT Macuine—Vandenwood Co., 
2900 Euclid Ave., Cleveland, Ohio. Bulle- 
tin 13, 2 pages, 83x11 in. Describes and 
illustrates the new Baby Blue Desk Unit 
blueprint machine designed for small offices. 


The Link-Belt Co., 307 N. 


CONVEYORS 


Michigan Ave., Chicago, Ill. 48-page, 
84x11 in. catalog No. 1700. Illustrating 


and describing various applications of 
mechanical, elevating and conveying equip- 
ment for handling packages and bulk mate- 
rials. Two pages of charts at the rear of 
the book illustrate the American standard 
of living made possible through the greater 
development and use of machines. 


InstRUMENTS—The Bristol Co., Water- 
bury, Conn. An 8-page 9x12 in. folder. 
Illustrates the various types of pyrometers, 
recorders and process control instruments 
manufactured by this company. 


Pyrometers—The Leeds & Northrup Co., 
4901 Stenton Ave., Philadelphia, Pa. 12- 
page illustrated bulletin, N-33B-685(1), 
8'44x1l in. Describing redesigned and sim- 
plified Speedomax electronic potentiometer. 


ReFrLecrors—The Fostoria Pressed Steel 
Corp., Fostoria, Ohio. 34%4x6 in. folder. 
Describing the new Fostoria Para-Sphere 
reflectors for infra-red ray lamps. Folder 
No. P.S.-5. 


SMALL GAsoLINE Encines—The Jacobsen 
Mfg. Co., Racine, Wis. 4-page bulletin, 
84x11 in. Describing the Jacobsen 2 hp. 
air-cooled gasoline engine, including com- 
plete specifications and typical applications. 


STEELSTRAP—The Acme Steel Co., Chi- 
cago, Ill. Form Ad 14, 84x11 in., 4-page 
folder. Illustrating various types of Steel- 
strap tools and accessories for fastening 
products. The name of the shipper, slogan 
or trademark can be reproduced on both 
black and galvanized finishes of the 
Steelstrap. 


WeLpep CuHains—The American Chain & 
Cable Co., Bridgeport, Conn. Catalog No. 
365. Devoted to ACCO sling chains and 
ENDWELDUR chains, and containing in- 
formation on how to measure chain, fin- 
ishes. Includes specification tables of sizes, 
dimensions, weights, tensile strengths and 
safe working loads. 
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Industrial Design 


Harotp Van DoreEN—388 pages, plus 
index and 32 plates, illustrated. 6%2x 
914 in. Brown clothboard covers. Pub- 
lished by the McGraw-Hill Book Co., 
330 West 42nd St., New York, N. Y. 
Price $4.50. 

In this latest text in the Product De- 
velopment series, the general aim has 
not been to present a series of essays 
on “streamlining.” On the contrary, the 
author treats the subject factually, giv- 
ing the step-by-step procedure necessary 
to the development of new and salable 
designs for products and machines. The 
fundamentals of three-dimensional de- 
sign are presented in easily understand- 
able form. Practical methods of prod- 
uct styling. illustrated by case histories. 
are covered from preliminary research 
to finished dimensional drawings. 

The text is presented in four main 
sections: fundamental concepts behind 
industrial design; the previously men- 
tioned simplified discussion of three-di- 
mensional drawing; technique of design, 
including organizing data, making pre- 
liminary sketches, presentation, mate- 
rials, processes and color, patents and 
management; and a fourth section offer- 
ing typical problems and case histories 
of three types of product: consumer, 
commercial and mechanical. 

Containing as it does much background 
information on how the industrial de- 
signer operates, and written in clear, 
understandable style, the book should 
be valuable to engineers, advertising 
managers and executives who are seeking 
an insight into product styling. 


American Machinists’ Handbook 


Frep H. Cotvin AND FRANK A. STAN- 
LEY—Seventh Edition, 1,328 pages, 4x 
734 in. Flexible fabricoid covers. Pub- 
lished by the McGraw-Hill Book Co., 
Inc., 330 West 42d St., New York, N.Y. 
Price $4.00. 


In spite of the fact that a consider- 
able amount of material which appeared 
in previous editions, but. which is now 
obsolete, was omitted in this seventh edi- 
tion, more than 200 pages of text were 
added in order to keep the book up-to- 
date. Primarily a reference book for 
shop executives, tool makers and me- 
chanics, the book includes tables of 
standards for screw threads, jig bush- 
ings, machine tool spindles and numer- 
ous other machine elements. The stand- 


ard proportions for shop tools such as 
single point tools, drill taps, reamers 
and milling cutters are given in tables 
and diagrams. Data such as speeds and 
feeds used in the machining of various 
materials, the lubricants and cutting 
compounds used, allowable threading 
speeds, instructions on the proper use of 
various tools, are also included. 

One feature of the book which has been 
maintained in the seventh edition is the 
comprehensive dictionary of shop terms 
which covers more than 150 pages. 


Physics 
Dr. PauL WEssEL—514 pages, 434 x8 
in. Clothboard covers. Published by 
Ernst Reinhardt, Miinchen, Germany 
Germany. Price Mk. 4.90. 


This book was written primarily for 
students in technical high schools and 
universities. It covers the elements of 
electricity as well as light, sound, heat 
and mechanics. Unfortunately, for read- 
ers who are unfamiliar with German, it 
is written in that language. But it also 
has all of the earmarks of the typical 
thorough treatment of scientific subjects 
by German authors. A feature of the 
book is the appendix of 50 pages setting 
forth numerous tables of physical prop- 
erties, mathematical relationships and 
physical constants. In another appendix, 
covering more than 60 pages are given 
1,447 questions together with their 
answers or a reference to where the 
answer might be found. 

The book can be procured from Dr. 
Paul Wessel who is now lecturer at the 
Technical College of Wigan, Lancs., 
England. 


Tin and Its Uses 


Publication No. 4, 16 pages, 8% x 10% 
in. Published by International Tin Research 
and Development Council, Fraser Road, 
Greenford, Middlesex, England. 


Announces a new “white-bronze” plating 
which rivals chromium in its resistance to 
tarnish, and which is almost identical in 
color and reflecting power to polished silver. 

This review also states that thick and 
adherent tin linings can now be applied to 
large pieces of apparatus used in the food 
industry, as a result of recent improvements 
in electroplating technique. Another 
application of electro-deposited tin is as 4 
coating on metal surfaces in rubbing con 
tact, such as pistons, piston rings and bear- 
ing surfaces. 
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Plastics Comparator 


ATA presented in the table are of 

value principally on a relative 
basis for a given property, and are of 
use in making a preliminary choice of 
one type of material over another for a 
given property. Information is based on 
tests of standard specimens under cer- 
tain set conditions. However, it cannot 


be assumed that a material, which under 
standard A.S.T.M. test has a tensile 
strength of 5,000 lb. per sq. in., will have 
5,000 lb. per sq. in. tensile strength at 
any given molded cross-section, since 
physical properties depend to a great 
extent on the shape and type of the 
molded piece. Comparative presentation 


indicates, however, for what properties 
each material is relatively best, and 
gives some idea of what compromises 
must be made in selecting a plastic for 
a given job. Obviously the designer must 
balance desired properties against first 
cost, availability, production cost and 
appearance. 





PLastic MATERIAL 



































































































































_ a o| 
| wy | Fe - | Æ a 
Da Ri TTi g | gsr or > 
| | | <| 2 a s | E i E gri = s 
| e| | 5 oa | n Z | O | - = i < J 
fa e = LS T fa ~ € | & ~ > = 
PROPERTIES a G | 2 a es | a a E | 5h | & 4 | oh, sa 
os Sa on ae | SR J >: j -p E 5 5 o - ~ 
S8 | 37| 32|33| 9% = & | = s lalola 2 
38| 38|35|343|38]| 32 | Bi Ss | 2] 3 | eB] 3 
56 | 22| 23| 2% Ze|Ze)| ¢ > = 5 > | ca > 
SO | fe | =| <| Ba] Fe | & 3 z o | È | & Z 
a. A 6. | ĝis a a > = O | <| |z > 
Moldability Around Insert:......... l l l 2 l SaN -S 5 tS | 4 t 5 ! 

——— — _ —_—$$———$ =o _ — EEE — ae — — - > —— 
Dielectric strength. ..................55. t 3 8 7 8 6 ai 31 $1] l 2 l 
NN ii e Peat ee 7 3 8 9 5 Sie 2 | 2 | 3 
See Te ETE tee | 10 1 7 9 l 8 | 3 2 5 6 
a Koh Sarre rand ae er 5 3 a 1 5 l l 6 | 9 8 8 7 7 
IN os 9 ra AEE EEA 8 | 12 | 13 5 | 10 “i wi SiTi opa 3 9 
E e nir isa o 2 7 7 Arg iSt Pi -a d 1 2 2 
Rigi Er N ANN 3 l l 2 TAE 5|} 6| 6 6 6 6 6 
a a eaa naa 2 3 l 3 3 | 3 7. 4 -Gt- 4 S-F g 9 8 
Dimensional Change on Aging............ 1 2 l 5 6 5 ki 3 | 9 8 8 8 | 3 
Solvent Resistance. .............0000000- l l l J l l l 3 3 3 3 3 2 
Caustic Resistance. .................000. 1 | 1 3 5 3 Í l 6 1 2 2 2 
I E EEEE 3 1 1 2 1 2 1 l t t t 2 l 
Water Resistance. .......... ouuu. 6 3 3 Í T | 9 l ll 8 10 5 2 
NE is ss nahh ive kR aAA | l l l l l $i 4 8 6 7 5 3 
E o E E n RO ahs 7 7 7 7 7 7 l 5 | 4 1 3 2 6 
A E EE 3 7 et aT STs l 7 9 10 6 1 2 
Flexural SHOE a odes weed hale bein Dees 3 3 | bs Ga l l l 1 6 5 2 l l 
ij E eae ied | | j úis : 2 j i = a 

Toughness (Impact Strength)............. | 10 8 | 9 T t l 3 6 5 


April, 1940 


Copyright 1940 by Bakelite Corporation, New York, N. Y. 


193 









N TABULAR FORM below are listed 
the average properties of the typical 
molded plastics mentioned in the com- 
parative table on the preceding page. It 
is to be emphasized that these are pri- 
marily for qualitative comparison; varia- 






Plastics for Molding 


Physical Properties, Fabrication Pressures and Temperatures 


tions in materials, fillers and fabrication 
methods will change these values con- 
siderably. Figures are compiled from 
manufacturers’ maximum and minimum 
ratings for specific properties. Direct 
comparisons based on this table should 









not be made. It is recommended that the 
manufacturer be consulted before final 
choice of particular plastic to be used: 
very often, special materials can be 
supplied to meet specific requirements, 
Values vary with formulations. 
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GEORGE F. NORDENHOLT, Editor 


The Cost Of A Crazy Idea 


ONLY TOO OFTEN the cost of a “crazy” idea is the money 
that is lost by not adopting it. But usually one can not 
calculate the money lost by failing to progress and hence 
the loser is rarely aware of his loss. Thus he continues 
on through life, blissfully ignorant of the many sweet 
damsels of opportunity who had knocked at his door 
only to be rebuffed by a gruff, “Go on, you’re crazy.” 

To be sure, where ignorance is bliss, tis folly to be 
wise. But “tis wiser not to be blissfully ignorant. We 
give our own “crazy” ideas plenty of attention but when 
the same “crazy” idea is broached by someone else we 
are inclined to give it scant notice. Too often other 
pressing matters are demanding attention and the clock 
hands are swiftly approaching quitting time. Perhaps 
the proposer of the “crazy” idea has made a poor pres- 
entation. People with inventive minds usually do, for 
they are not salesmen, but inventors. 

It is too irking to listen to an enthusiastic, though 
usually jumbled, description about something one does 
not understand. And as all executives know, it is so easy 
to stop it all and “get back to work” by simply saying, 
“We're not interested, there are so many other more 
important problems for us to solve.” 

Thus, discourteously, is the budding genius pushed 
back into his bud and the boss pats himself on the back 
for having disposed of the matter promptly and efficiently. 

Fortunately for the progress of the world there are 
“bosses” and executives who listen attentively to all new 
ideas, crazy or otherwise, who investigate them thoroughly 
and appraise them from every angle. Were it not so this 
world would still have a few centuries to go before it 
could reach its present stage of material development. 
And great is the reward for listening to a “crazy” idea 
that “goes across.” One success offsets dozens of failures. 

Turning back the pages of history, we read that Gallileo 


was flogeed to force him to recant his statement that the 


earth moved around the sun. Pasteur was ostracized from 
the medical profession because he claimed that diseases 
were caused by germs. Charles Goodyear was laughed at. 
People swarmed to the banks of the Hudson River for 
the opportunity to deride Fulton upon the expected 
failure of his steamboat. 

Of course, one might think that such things could not 
happen today. People are too intelligent. But a number 
of incidents come to mind. An inventive draftsman pro- 
posed a fundamental change in the design of tanks. His 
boss laughed at the idea and the young man quit, cha- 
grined and disgusted. He happened to mention his idea 
in a casual manner to his new boss in a competing com- 
pany. The idea was quickly developed and patented. 
The first company is now paying royalties to the second 
company and the draftsman shares in the profits. 

Not many years ago the superintendent of a now defunct 
company proposed the design and manufacture of all- 
steel automobile bodies to be assembled by resistance 
welding. He was laughed at and quit, started a small 
business to carry out his ideas, went practically broke 
because of lack of capital, but finally succeeded and is 


now the principal owner and president of the company 


that bears his name—The Edward G. Budd Manufactur- 
ing Company. Perhaps it is significant that the company 
that refused to entertain Edward G. Budd’s ideas is no 
longer in business. 

Numerous other similar instances could be cited; most 
engineers know of several. The cost of a “crazy” idea 
is not always the cost of trying it and having it fail. Too 
often the cost is that of turning it down and having some- 
one else adopt it and make huge profits from it. Missing 
one profitable “crazy” idea may mean missing more in 
profit than would be lost on dozens of truly unsound ideas. 

Judgment on a new idea should not be made until the 


idea has been fully investigated from every angle. 





Machine blows 400 to 600 lamp 
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bulb blanks per minute from a thin belt of molten glass 


GLASS FOR MECHANICAL PARTS 


Product Design Possibilities and Physical Properties 


RESENT DAY applications of 
glass are commonplace yet thought 
is seldom given to the importance 
of the contributions made by this useful 
material to modern living. Glass is one 
of the most ancient of materials effect- 
ively used by man. The history of glass 
making goes back at least 3.000 years. 
Although there are thousands of 
different glass compositions, each pains- 
takingly evolved for some specific appli- 
cation, the presence of silica in varying 
percentages is common to all. The major- 
ity of glasses in common use, however, 
fall into one of three major classifica- 
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T. J. THOMPSON, Manager 


Corning Glass Works Industrial Division 


tions: “Lime,” “Lead,” and “Borosili- 
cate” glasses. 

Lime glass is a mixture of lime (CaO), 
silica (SiO) and, usually, small quanti- 
ties of sodium or potassium oxides. This 
is by far the most widely employed basic 
composition, applications for which are 
found in window glass, bottles, tumblers, 
tableware, light bulbs, and illuminating 
fixtures. Lime glass is characterized by 
low cost, high thermal expansion, and 
good “glass working” properties. 

Lead glass, in addition to silica, carries 
lead oxide up to 60 per cent by weight, 
some minor constituents are also incor- 





porated to impart special characteristics. 
Lead glass is characterized by a high 
index of refraction from which is de- 
rived the attractive sparkle and luster so 
desirable in decorative cut glass or en- 
graved glassware. In the form of tubing. 
the electrical and sealing properties of 
lead glass find extensive application as 
the internal stems of electric light bulbs 
which carry the filament supports. 
Borosilicate glass, as the name im 
plies, consists almost entirely of the 
oxides of boron and silicon. Most im- 
portant of the properties of borosilicate 
glass is its extremely low thermal ex 
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pansion of 0.0000018 in. per in. per 
deg. F. This coefficient of expansion is 
approximately one-third to one-fourth 
that of most metals and that of the 
cheaper lime glasses, and accounts for 
the marked heat resistance of borosili- 
cate glass and its unique ability to resist 
thermal shocks that would instantly 
shatter other glasses. The outstanding 
stability of this composition in the pres- 
ence of powerful acids and alkalis, is 
taken advantage of in the chemical 
process industries in the form of piping, 
centrifugal pumps, tubing, laboratory 
ware, and special equipment. 

The non-crystalline structure of glass 
probably accounts for the notable absence 
of fatigue when subjected to repeated 
loading within design limits. The glass 
spring, shown in Fig. 1, is designed to 
exert a force of approximately one lb. 
at sz in. deflection in a corrosive sul- 
phuric acid atmosphere. After many mil- 
lion deflection cycles the spring showed 
no evidence of failure. 

In addition to heat resistance and 
chemical stability, borosilicate glass has 
a number of other properties which make 
it particularly adaptable for mechanical 
and electrical design purposes. 

Some physical constants of a borosili- 
cate glass of the type used in “Pyrex” 
piping are: 

Linear coefficient of expansion— 
0.0000018 per deg. F. between 66 to 
660 deg. F. (19 to 350 deg. C.). 

Modulus of elasticity—9.8 x 10° lb. 
per sq. in., or 6,900 Kg. per sq. mm. 

Specific gravity—2.23 

Specific heat—0.20 

Refractive index—1.474 

Thermal conductivity—8.1 B.t.u. per 
sq. ft. per hr. per in. thk. per deg. F. at 
17 deg. F. 

Dielectric strength in air—3,200 kv. 
per in. at ys in. thickness 

Volume resistivity—4 X 10“ ohms 
per cu. in, at room temperature 

Surface resistivity: at 34 per cent 
humidity—10™ ohms per sq. in.; at 85 
per cent humidity—14 x 10° ohms per 
sq. in. 

Abrasion _resistance—About twice 
that of plate glass. 

Compared with metals, glass in gen- 
eral has low density and great electrical 
resistivity. Thermal conductivity is low, 
but in spite of this, substantial overall 
tates of heat transfer are obtained with 
tubular glass heat exchangers in the 
Process industries by using strong thin 
walled tubes. In many such applications 
the fluid films on both sides of the glass 
tube rather than the tubes proper com- 
prise principal resistance to heat flow. 

orosilicate glassware is transparent 
to certain wave-bands of thermal radia- 
tion and this characteristic often com- 

Pensates for low thermal conductivity, so 
that relatively high rates of heat transfer 
are obtainable through high tempera- 
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ture radiation from flame or electrical 
resistance elements in conjunction with 
properly designed and processed glass- 
ware. Familiar applications are “Flame- 
ware” cooking vessels of “Pyrex” brand 
composition. 

Low coefficients of friction are attain- 
able with glass, probably as a result of 
hardness and extreme smoothness of 
polished surfaces. Here again the non- 
crystalline structure of glass may be re- 
sponsible. With an ordinary commercial 
lubricant between two optically flat glass 
plates, the coefficient of static friction 
was recently found to be approximately 
0.006 when subjected to loads up to 
10,000 lb. per sq. in. The field for glass 
as bearings naturally suggests itself, but 
in bearing applications, special consid- 
eration must be given to heat dissipation 
because of the relatively low thermal 
conductivity of glass. 

Borosilicate glassware of the type em- 
ployed in “Pyrex” brand ware has an 
ultimate tensile strength of 6,000 to 
10,000 lb. per sq. in. Much of the 
strength of glass is, however, dependent 
on the condition of the surface. For most 
engineering design calculations a maxi- 
mum permissible tensile stress of 1,000 
lb. per sq. in. is employed, thus insuring 
an adequate factor of safety. This value 
applies to annealed glassware; for 
“processed” or “tempered” glassware, a 
maximum working tensile stress of 2,000 
lb. per sq.in. or more is permissible. 

The compressive strength of glass is 
above 100,000 lb. per sq. in. Advantage 
is taken of the high compressive strength 
of glassware by tempering processes 





Fig. 1—Glass springs 114 in. diam. which 
exert a force of one lb. at 3/32 in. de- 
flection 


which induce permanently high com- 
pression stresses in the surface layers 
by controlled chilling methods; conse- 
quently, applied tensile forces must first 
overcome surface compression stresses 
before becoming operative as tensile 
loads, therefore, the “tempered” glass- 
ware is effectively strengthened against 
tension. Also, these surface compression 
layers greatly reduce the weakening effect 
of small surface scratches. 

The tools and many methods employed 
by the artisan who blows and shapes 
high-priced decorative ware are practi- 
cally identical with those of 2,000 years 
ago. In the interim, of course, equip- 
ment and methods have been developed 


Fig. 2—Vacuum pump, hand fabricated mainly from machine-drawn glass tubing as the 


constructional material 
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for automatic machine production of 
pressed ware, tubing, lamp bulbs and 
other blown ware, which have made 
possible the low prices of much commer- 
cially important glassware. Intermediate 
between the oldest and modern produc- 
tion methods are the numerous com- 
binations of hand and machine opera- 
tions required for manufacture of spe- 
cialty glassware in quantities too small 
to justify or of a design not adaptable to 
automatic production; in either event the 
manual skill of the artisan usually can 
be supplemented by machine operations 
to produce ware at reasonable cost. 

An impressive example of high speed 
automatic production of glassware is the 
manufacture of lamp bulb blanks on the 
“Corning” machine which blows them 
from a thin belt of molten glass at a rate 
of 400 to 600 bulbs per min. Contrasted 
with this is a glass vacuum pump de- 
signed by Distillation Products Co., 
shown in Fig. 2, which has experimen- 
tally attained pressures of less than 10° 
mm. of mercury. 

Except for lenses and optical ware 
generally, it has not been economically 
feasible until recently to supply glass- 
ware to the narrow dimensional toler- 
ances which have long been specified for 
metals. Fortunately, the majority of 
glassware does not require adherence 
to close dimensional specification. How- 
ever, along with the major developments 
which have resulted in lower production 
costs, there have been parallel advances 
in dimensional accuracy. In fact, ability 
to produce glassware to narrower dimen- 
sional limits has played an important 
part in expanding the field of application 
of glass. Table I gives a general pic- 
ture of the dimensional variation of 
commercial glassware. 

One of the significant developments in 
the accurate machine pressing of glass- 
ware is found in the manufacture of 
parabolic reflector shells for the all- 
glass General Electric Mazda Sealed 
Beam lamps for automobile headlight- 
ing. Since filaments must be in exact 
focus with respect to every part of the 
reflector, precise contour of the para- 
boloid surface is extremely important. 





Courtesy American Meter Company 


Fig. 3—Index window for gas meter with 
edges coated with metal and then soldered 
into a recessed metal plate 


This surface, which requires no subse- 
quent finishing, is so accurately molded 
that its measurement necessitates the 
use of reflected light. 

For parts where required precision 
cannot be incorporated by glass molding 
or plastic shaping processes, it is often 
feasible to employ conventional grind- 
ing equipment to produce desired accu- 
racy. A glass centrifugal pump, devel- 
oped jointly by Nash Engineering Com- 
pany and Corning Glass Works, which 
is specially designed for corrosive serv- 
ice and to pump 6,000 gallons per hr. 
against 65 ft. of head, has the impeller, 
volute, head plate, and mechanical seal 
rings all finished by grinding to close 
dimensional tolerances. 

A more familiar application of preci- 
sion grinding is standard taper stop- 
cocks, widely employed in chemical 
laboratories, in which the barrels and 
plugs are ground to a standard taper of 
l in 10. Tubing is also available in 
numerous sizes having standard taper 
male and female ground joints for facili- 
tating assembly of chemical apparatus. 

Despite the hardness and toughness of 
glass in general, and borosilicate glass 
particularly, items which require grind- 
ing to provide the required accuracy can 
often be made economically. Whereas 


Table I—Dimensional Variation of Commercial Borosilicate 
Glassware 





TION INCHES 





Hand blown ware 





Up to 6 in. 0.D....| + $ | 
Over 6in.O.D..... + & | 
Machine blown ware....| + 0.023 | 
Hand pressed ware...... t$ | 
Machine pressed ware...| + 35 
Hand drawn tubing..... & to + 
Machine drawn tubing. .| + } to + 4% 
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O.D. VARIA- lour oF Rounp | 





| 


WALL THICKNESS 





PER CENT OF O.D. VARIATION 
| 
| 
2.0 max. 100 per cent 
2.0 max. 100 per cent 
2.0 max. zz to \ in. 
2.0 max. zz to \ in. 
2.0 max. | 7 to in. 
2.0 max. | + 25 per cent of nominal 
2.0 max. | + 25 per cent of nominal 





metals can be roughed out with cutting 
tools to approximate dimensions prior ʻo 
final finishing operations, glass cannot 
be so treated. The availability of low- 
cost accurately molded blanks and ma- 
chine drawn tubing, however, often re- 
duces the amount of grinding substan- 
tially with consequent reduction in fin- 
ishing costs. 

Glass tubing, having extremely accu- 
rate bore or accurate taper, is commer- 
cially available. This is made by heating 
tubing on a metal mandrel with subse- 
quent application of vacuum, thus 
shaping the bore of the tube to conform 
exactly with the mandrel. The difference 
in expansion of glass and metal permits 
withdrawal of the mandrel on cooling. 
With this method, tubing having a bore 
accurate within two ten thousandths of 
an inch is feasible. One of the commer- 
cial applications of such accurate bore 
tubing is in fluid meters of the “Roto- 
meter” type. 

Direct joining of metal to glass by 
fusing is most commonly known to the 
general public in the form of lamp bulbs 
in which lead-in wires are sealed into 
glass; also, in the form of glass lined 
vessels or vitreous-enamel ware. In addi- 
tion to these, however, there are other 
methods of making strong simple bonds 
between glass and metal. 

The oblong glass plate, shown in Fig. 
3, has a thin firmly adherent coating of 
metal applied to the edges so that it can 
be soldered into a suitably shaped recess 
in a metal plate or box. The assembled 
frame with glass is used as an index 
window in domestic gas meters. 

The glass centrifugal pump, previously 
mentioned, illustrates another type of 
glass to metal joint having great strength. 
With the impeller a hollow stub shaft is 
integrally molded and into this a grooved 
metal plug or quill is placed with suff- 
cient clearance to receive a molten alloy 
bonding material. Upon cooling of the 
alloy the quill is permanently locked into 
place so that the impeller can be keyed 
onto the drive shaft in the conventional 
manner. The strength of this type of 
joint is entirely adequate for the torque 
loads encountered in service of the pump 
even at the high temperatures encoun- 
tered in processing of fluids. 

Engineers who are constantly search- 
ing for materials that are capable of 
meeting new and different combinations 
of service conditions, often hopefully 
consider glass but rather quickly aban- 
don the idea with the thought “if only 
it were stronger.” Unquestionably, the 
relatively low tensile strength of glass, 
compared with many metals, definitely 
precludes glass where great tensile 
strength is the major consideration. How- 
ever, it should be borne in mind that 
where the unique properties of glass 
warrant its use, it is often possible to 

attain ample strength with glass by 
means of suitable design details. 
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Modern Desieons 


Manual operation of a domestic range oven for a 
baking cycle formerly required two distinct settings 
by the operator—first, turning the selector switch 
for the oven circuit to the proper setting, and secend, 
setting the thermostat to proper operating tempera- 
ture. In this Westinghouse unit control, the opera- 
tions of setting the oven switch and selecting the 
proper baking temperature have been combined. 


Single control knob operates range thermostat. remote con- 
trol drive, and oven circuit selector switch. Thermostat and 
control knob shafts axes are parallel, thus extension of the 
length and angle of control drive permits mounting of control 
knob at any point on the vertical panel surface of the range. 
Selector switch is designed to select the baking circuit when 
turned from its “off” position to the lowest baking temperature 
on the dial and to maintain this circuit throughout the entire 
range of temperature as indicated on the dial. When turned to 
its uppermost position, it switches to the broiling circuit. 
Remote control drive drums are in fixed diameter ratios to 
predetermine angular relationship between temperature mark- 
ing on setting knob and actual positions assumed by the 
thermostat arm. Through the use of a special keyed washer 
which assembles the thermostat control arm to the large 
drum in a fixed predetermined relationship, and the use of a 
single band drive keyed to the drums, and use of a milled flat 
on the adjusting stem for keying the setting knob, an exact 
relationship is maintained between adjusting knob and corre- 
sponding positions of thermostat arm. A special tongue washer 
fitted into a milled notch, provides non-reversible assembly. 
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MODERN DESIGNS—Low-Price Combine for Small Farms 





Four-ft. combined harvester- 
thresher, Model 42, of the Interna- 
tional Harvester Company, has been de- 
veloped especially for use on ten to 
fifteen acre farms. First cost approxi- 


Efficiency of threshing action de- 
pends largely upon cylinder speed, par- 
ticularly with the flail-type cylinder. 
Variable-speed device gives speeds rang- 
ing from 930 r.p.m. to 1,700 r.p.m. with 
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mates that of a power binder. Machine 


can be powered by small tractors of the 


one-plow class. The thresher has a formed 
sheet-steel body which serves as a frame. 
Controls are located on the stubble side 


VARIABLE SPEED CONTROL 


Hand screw-turning fo 
right increases Cylinder 
speed: turning To left 
decreases cylinder speed. 
Center plate is loose- 
mounted between two | 
sheaves, screw moves /?t 
left or right fo increase 
or decrease sheave 
diameter 


Crank for adjusting 
7?) Fension in lower bēlt 





belt sheaves arranged in regular position. 
For special crops, by reversing or chang- 
ing sheaves on cylinder shaft and coun- 
tershaft, speeds from 930 r.p.m. down to 
400 r.p.m. can be obtained. 


of the machine, making it unnecessary to 
trample grain when making field adjust- 
ments. Control crank is easily reached 
from the tractor seat, permitting quick 
adjustment for cutting height. 


Rubber facing 
vulcanized 
to stee/ 


rubber 
concave 
bar- -27 





Flail-type cylinder is formed of eight 
spiral-mounted, angle-steel bars having 
rubber facings vulcanized directly to the 
steel. The cylinder is mounted on ball 
bearings and is driven by V-belts. 
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Block-rubber concave bars are held in place by steel 
clamp sections bolted to curved perforated steel plate. Curved 
finger plate behind plate delivers straw to straw rack. 





Steel coupler holds the ends of the rubberized, weatherproof 
feeder canvas together, forming a smooth, grain-tight joint. A 
quick-tension device permits loosening at the end of day’s run. 


Porous Bronze Bearings Mounted in Neoprene Sleeves 
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Portable window fan designed by 
Arthur Bennekamper, chief engineer, 
Viking Air Conditioning Corporation, 
has fanshaft supported in Compo porous 
bronze bearings fitted with synthetic 
rubber sleeves that permit self-alignment 
and serve as seals. Bearings are lubri- 
cated through felt wicks. Referring to 
the drawing, the l-in. pipe has two 14-in. 
holes drilled for the wicks. To the bottom 
of this pipe is assembled a bearing sup- 
port bracket and an oil reservoir tube 
held in place by two clips. The shouldered 
porous bronze bearings are forced into 
the tube at each end. The synthetic rub- 
ber sleeves cover only 24% of the bearing 
length. Cabinet is built of No. 6 and 8 
steel wire reinforced with an 18 gage 
steel center rib. Three-bladed fan, fur- 
nishing 3,500 cu. ft. of air per min., is 
driven by a % hp. motor. 
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Designed for surface broaching of 
external slots, forms and con- 
tours, this Oilgear double-slide, 
pull-down broach has alternating 
tool slides and automatic shuttling 
tables which permit operator to 
load and unload work as one slide 
broaches and the other returns. 
All motions of tool slides and 
shuttling tables are interlocked. 


Censtructional features include an 
all-steel welded frame and base, alloy 
iron tool slides and shuttle tables, hard- 
ened and ground rectangular steel ways, 
bored and honed steel cylinders with 
alloy iron pistons and rings, bronze ram 
guides and molded ram packings. 
Oilgear type DX two-way variable dis- 
placement pump. direct-connected to 
motor, is mounted on an oil reservoir in- 
tegral with the welded steel base. Broach- 
ing speed of each slide can be varied 
independently, and this, combined with 
alternating tool slide operation, syn- 
chronizes motions of machine and oper- 
ator, saving time and effort and thus 
increasing production. Two adjustable 
relief valves, built into the pump, pro- 
tect machine against overload. Maximum 
broaching force of each slide can be 
pre-set to suit tools and work. Friction, 
wear and power losses are reduced to a 
minimum through use of anti-friction 


units and automatic pressure and flood 
lubrication of all moving parts. 





Pump control for 
Setting speed 


MODERN DESIGNS—Broach With Shuttling Tables 


bearing mountings of shaft and rotor 


Interlock limit K 
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Dual push- 
button control 
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Double-acting shuttle cylinder actuates wide rack which 
through pinions and cranks operates shuttle tables. Cylinder 
ports interlock movements of tables and- slides; piston must 
move full stroke downward before interlock port permits pres 
sure oil to move right hand tool slide down and left hand slide up. 
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Globe valve 


normally ù Cutting speed 
closed adjustment 
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Limit switches shown as operated 

with fixture under A” broach. 

Position of LSC or combination Cutting apite 
of LSA and LS8BT or LSB and LSAT adjustment 


i i : Sol. A æ zed: br AA 
determines solenoid energized So/ B snari: E B 


Manual, semi-ecyele or full-auto- semi-cycle operation, adjustable cams on selector switch provides continuous oper- 
matie operation is available through tool slides limit working stroke and auto- ation. Knee-bar safety switch will stop 
a single selector switch. Two push- matically stop machine when cycle is machine instantly. Seamless steel tubing 
buttons are used for manual inching. For completed. Full-automatic position of is brazed to steel flanged joints. 








Limit switch rod 


Shuttle cylinder 


Shuttling rack 


Work pole 





Broaching positions of shuttle tables by eccentric crank bushings. Hardened adjustable, positive stops to limit stroke 
are adjustable 5g in. inward and outward biocks on shuttle tables contact dual, for accurate repetitive operations. 
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MODERN DESIGNS—New Lightweight Tools 





Weighing only 14 Ib. the Thor-nado 
U 100 portable electric hammer delivers 
1,600 blows per min. Light weight was 
achieved by compact design and use of 
Dowmetal housing. Rubber “sling-shot” 





Designed for cutting sheet metal 
and tubing up to 18 ga. in steel and 15 
ga. in aluminum, this Thor U1N portable 
nibbler weighs only 334 lb. and is pow- 
ered by a universal motor. Armature pin- 
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from 


yoke delivers power to piston 
universal motor and gear train, absorb- 
ing shock and vibration. There is no 
metal connection between driving gears 
and piston. All rotating parts are fitted 


Eccentric 


ion and reduction gears are helical cut. 
Reciprocating movement of the punch is 
obtained with a ball-bearing eccentric 
on a shaft supported by a large ball 
bearing at one end and a roller bearing 





Cast Dowmetal 
housing.. 


bearing -7777 


~ 
Ta an 


afi 
Wh 


Wk Bearing for slide 
Wa, guide stud ` 

NÑ so 

; ‘Grease retaining 


y 


with large ball bearings. Hollow slide 
rods have oil wicks in center for auto- 
matic oiling of slide guide. Flexible con- 
nections to commutator prevent crystalliz- 
ation and breaking of lead wires. 


Clamp screw Or ~ 


Ae Plunger 
~ Lock plug 


: 4 Arljustiog plug 










Ball and spring 
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Cutting | 
Sol ts screw 
Plonger! prevents se 
under vibration 
Adjusting screw 


Wut for armature shaft 
---Cap fòr adjusting hole. 


\ 
Two-pole toggle switch 


at the other. Reduction gear is mounted 
on Oilite bearings. Cap, field case and 
gear case are cast Dowmetal. Removable 
cutting punch and cutting edge are co 
balt high-speed steel. 
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Power Mower, New Dispenser, Miniature Engine 










Built-in agitator to prevent caking 
features this soap dispenser styled by 
Vavrick and molded of Bakelite BM-427 


by Modern Plastics Corporation. 
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Weighs 15 oz. This Feeney four-cycle 
overhead valve engine is claimed to be 
the first standard production motor of 
four-cycle design ever offered to model 
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Chrysler “self-oiling” 
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Clutch plates in the Cooper “Twenty-Five” power mower are 
zinc die cast. Mower is driven by 34 hp. LeRoi engine. Garlock 
Klozures protect transmission shaft bearings, which are of the 
type. LaSalle Stressproof steel is used for 
transmission, wheel, and rear roller shafts. Bed knife and reel 
blade steel, containing 0.70 to 0.85 carbon, 0.60 to 0.90 man- 
ganese, is normalized to hardness of 37-39 Rockwell. 


builders. Engine has drop-forged valves, 
a double bearing crankshaft, splash 
lubrication and oil traps over high pres- 
sure bearing areas. Furnishes 2% hp. 


> 
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EW CONDENSER CIRCUITS 


For Suppressing D. C. Ares 


HEN a switch or relay in an a.c. 

circuit is opened, the current 

reversals are of prime impor- 
tance in suppressing or extinguishing the 
arc formed. Although the duration of the 
“current zero” when the current reverses 
in direction twice each cycle is infinitesi- 
mally short, the reduction in temperature 
and hence the ionization of the arc gases 
near the current zero effectively extin- 
guishes the arc by preventing restriking 
on the following half cycle. The effective- 
ness of this arc suppression action in a.c. 
circuits is illustrated convincingly by a 
comparison of the ratings of the same 
switches and relays for a.c. and for d.c. 
circuits. 


D.C. Versus A.C, Rating 


As an example, consider a small size 
double-pole, double-throw relay with an 
a.c. rating of 10 amp. at 125 volts. How- 
ever, the 125-volt d.c. rating of this same 
relay is only 0.5 amp. for a single con- 
tact on resistance load. Putting the two 
contacts in series makes it possible to 
interrupt 1.0 amp. d.c. at 125 volts, but 
a conservative rating would not exceed 
0.7 amp. Thus, a given switch in a 
resistance circuit has a d.c. rating of 
only about sth or Moth its rating 
for alternating current. The com- 
parison is more striking when it is real- 
ized that the a.c. rating of a small switch 
of this type is not primarily an interrupt- 
ing limit. but a value determined by the 





Fig. 1—“Reversed charge” condenser arc suppression method, ap- 
plied to double-pole double-throw contactor 
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General Electric Research Laboratories 


size of the contacts and terminal con- 
nections. The interrupting limit of this 
small relay is in excess of 50 amp. at 125 
volts a.c. 

In order to increase the capacity of a 
switch or relay in a d.c. circuit it is com- 
mon practice to shunt a condenser across 
the contacts, the connections being perma- 
nent. This reduces the arcing at “break” 
because the current in the arc is reduced 
by reason of the charging of the con- 
denser, the voltage across the condenser 
rising together with the arc voltages. 
However, when the contacts are again 
closed there is an current 
through the contacts at the moment of 
“make” the condenser then discharging. 
In practice, this diffculty is usually over- 
come by putting a resistance in series 


excessive 


with the condenser, which however some- 
what reduces its effectiveness for arc 
suppression. 

An improvement on the permanently 
shunted condenser is to arrange the cir- 
cuit so that the condenser is not connected 
across the contact until the moment when 
the contacts are opened. That is, the un- 
charged condenser is connected across the 
contacts simultaneously with the opening 
of the contact. The advantage of this over 
the first method is that there is no high 
current through the contacts when they 
are first closed, because the condenser 
is disconnected simultaneously with the 
closing of the contacts and hence there 
cannot be a surge such as would be 
caused by the condenser voltage if the 


Fig. 2—Diagram 


condenser remained in the circuit after 
the contacts had opened. 

In the two methods described above, 
the condenser is charged with the same 
polarity as the polarity of the voltage 


` drop across the arc. 


Oppositely Charged Condenser 


A much more substantial improvement 
is obtained when the condenser is con- 
nected so that it will be charged oppo- 
sitely to the potential of the voltage drop 
across the arc. In this arrangement the 
oppositely charged condenser is 
nected across the gap or contacts after 
an optimum contact separation has been 
reached. The condenser will then dis- 
charge by sending a current through the 
arc in a direction opposite to the are cur- 
rent and will subsequently charge in the 
same polarity as the arc. In Fig. 3 is 
shown the curve of the voltages or voltage 
changes that occur when the contacts are 


con- 


opened. 

The curve in Fig. 3 shows that follow- 
ing the opening of the contacts, and es- 
tablishment of the arc the condenser is 
connected across the contacts at tə. Be- 
cause the condenser voltage opposes the 
arc voltage, the voltage of the latter is 
thereby made negative momentarily. The 
voltage across the gap then rises and if 
sufficient time has been provided to allow 
the arc gases to cool and deionize, which 
depends on the condenser capacity, the 
voltage across the gap will rise to line 


“0.07 mfd. 
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showing the “reversed charge” method ap 


plied with single back contact 
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Fig. 3—Oscillograph trace showing current zeros impressed by 


reverse charge condenser 


voltage. As can be seen from the curve, 
this method in effect gives the d.c. circuit 
a current zero. 

In order to obtain data on the effect of 
the capacity of the condenser and the 
length of the gap across the open con- 
tacts, a series of tests was made using a 
circuit diagram as shown in Fig. 4. Cop- 
per electrodes were used for the contacts 
and a generator voltage of 250 volts was 
used in this particular test. The gap 
length at A was made adjustable by 
means of a threaded screw adjustment. 
The lower electrode could be raised until 
contact was made and then lowered, 
thereby striking the arc. By adjusting the 
potentiometer, any voltage less than load 
voltage could be applied to the condens- 
er by making contact at (1). When the 
switch S was thrown to position num- 
bered (2) the 
simultaneously across the gap. 


condenser was thrown 


Effect of Capacitance 


One series of tests was to determine the 
interruption ability as a function of the 
capacitance of the condenser. The curve 
obtained from these tests is shown in 
Fig. 5 in comparison with the two alterna- 
tive condenser suppression methods de- 
scribed above. The condenser voltage was 
125, the gap was 1 mm. long and the line 
voltage was 250. The test procedure was 
to fix the capacitance, vary the current, 
increasing it or decreasing it until the 
maximum current at which the arc was 
extinguished was obtained. The electrodes 
were closed and the switch S was thrown 
to position (2). This was repeated until 
the maximum current that could be in- 
terrupted 50 times successively without a 
sustained arc on any trial was deter- 
mined. This gave one point on the curve. 

The same procedure was followed on 
the permanently shunted condenser, using 
the same circuit diagram except for the 
omission of the auxiliary switches. After 
this series of tests, the terminal (1) was 
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suppression in contact 


connected to the terminal (3) and the 
same test sequence was followed in order 
to obtain the data for the suddenly ap- 
plied uncharged condenser. 

The significance of these curves is ap- 
parent. To interrupt a current of 3 amp. 
with a permanently shunted condenser 
requires a 3.5 mfd. condenser, while with 
a suddenly applied uncharged condenser 
a l mfd. condenser would do the work. 
But with the new oppositely charged con- 
denser method, one with polarity oppo- 
site to that of the potential across the 
arc, a capacitance of only 0.05 mfd. was 


required. For the range of 10 or 15 amp. 


and higher, a shunt condenser or sud- 
denly applied uncharged condenser would 
be out of the question because of the 
large capacity required, whereas an op- 
positely charged condenser of only 0.6 
to 1.2 mfd. capacity could be used suc- 





Fig. 4—Diagram of test circuit for observing reversed charge arc 


A 


cessfully. The condenser economy of such 
an arrangement is obvious. 


Importance of Gap Length 


The surprising effect of gap length 
when the oppositely charged condenser 
method is used is shown by Fig. 6. This 
curve of interrupted current vs. gap 
length shows the upper limits of inter- 
ruptibility for a given value of capacit- 
ance, and was obtained in the same man- 
ner as the previous curve. The curve in 
Fig. 6 shows that the interrupting ability 
when using a 1 mfd. oppositely charged 
condenser is a maximum when the gap 
length is 3.5 mm. and a minimum some- 
where between 10 and 20 mm. This de- 
crease in interrupting ability with in- 
crease in gap is directly counter to the 
usual trend in d.c. interruption, but must 
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Comparison between three methods of applying condensers for arc suppression 
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be taken in account to obtain the full 
advantage of the new method. For design 
purposes, a series of curves for various 
condensers would be required and these 
measurements:are taken preferably on the 
actual switch to be used. For example, 
if one wished to design a contactor to 
use with a maximum capacitance of one 
mfd. in the new circuit the largest cur- 
rent that could be interrupted with cer- 
tainty would be 16 amp. at a gap of 3.5 
mm. If the gap should be increased to 
10 mm. the maximum interrupting limit 
would be reduced to only 2.5 amp. which 
illustrates the necessity of taking account 
of the gap length in the design. This gap 
length phenomenon agrees very well with 
modern cooling theories of arc interrup- 
tion, and shows that as the arc length is 
increased from 3.5 to 11 mm. the decrease 
in effectiveness of heat flow to the elec- 
trodes is far more harmful than the gain 
in flashover strength that accompanies 
the wider gap. For that reason it is de- 
sirable that for effective cooling of the arc 
gas the contact diameter should be as a 
minimuin greater than the gap length. 


Increased Ratings Obtained 


Summarizing the results of these inves- 
tigations the “oppositely charged” con- 
denser is highly effective in extinguishnig 
a steady arc in air at atmospheric pres- 
sure. Used in this connection a given 
condenser will extinguish a steady arc 
current ten times as high as can be ex- 
tinguished with the usual condenser con- 
nection which employs a suppression 
condenser permanently connected directly 
across the contact, and six times higher 
than the arc current that can be inter- 
rupted by suddenly applying an un- 
charged condenser across the arc. The 
oppositely charged condenser is usually 
charged by connecting it across the load, 
but it has been found that the voltage to 
which the condenser is charged is not 
critical as long as it remains oppositely 
charged to a voltage as great as that of 
the arc. 

The special effectiveness of the oppo- 
sitely charged condenser in arc extinction 
has immediate practical application to 
small switches and contactors as shown 
by the following three examples: 

(1) As mentioned above, the small 
double-pole, double-throw relay has an 
a.c. rating of 10 amp. at 125 volts. The 
125-volts d.c. rating is 0.5 amp. for a 
single contact on resistance load. Putting 
the two contacts in series will interrupt 
l amp. d.c. at 125 volts, but the relay 
would have to be rated at approximately 
0.7 amp. By the use of the contact of 


this relay for the power circuit and the 
other contacts for switching the oppo- 
sitely-charged condenser, the d.c. rating 
can be made equal to the a.c. rating. The 
circuit for this arrangement is shown in 
Fig. 1. This circuit will actually interrupt 
16 amp. at 125 volts d.c. and can safely 
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Fig. 6—Curve showing the importance of proper contact separation for reverse charge 


arc suppression 


be rated at 10 amp. d.c., and the capaci- 
tance required is only 4% mfd. This relay 
can by this means be given a d.c. rating 
equal to an a.c. rating, whereas at present 
it has practically no useful d.c. rating. 

(2) With the same circuit and %o mfd. 
oppositely-charged condenser, another de- 
vice tested interrupted 24 amp. at 250 
volts d.c. But two gaps in series, without 
the condenser, interrupted only 1.9 amp. 
d.c. at the same voltage. 

(3) With the use of a single-pole, 
double-throw snap switch rated at 10 
amp., 125 volts a.c., it was found that on 
125 volts d.c. this switch would interrupt 
a maximum of l amp. At higher current 
a steady state arc was established. With 
the circuit shown in Fig. 2, a 10 amp. d.c. 
was interrupted with a 0.07 mfd. con- 
denser and a 1 meg. resistance. 

In practical applications of this 


method, the most important of which has 
been as overload switches on d.c. motors, 
where the interrupting duty is high but 
the service infrequent, it has been found 
possible tọ simplify the condenser switch- 
ing method and simultaneously increase 
the reliability of the method by the use 
of the circuit of Fig. 2. 

Here the suppression condenser is per- 
manently connected across the load 
through a high resistance and a single 
back contact performs all the switching 
functions. This makes it certain that the 
capacitance is charged when required, in- 
dependent of the proper functioning by 
auxiliary contacts. 

These three randomly selected ex- 
amples of the effectiveness of the oppo- 
sitely-charged condenser clearly indicate 
its possibilities when applied to small 
switches in d.c. circuits. 





Current Quotations 


“The future, indeed, looks bright. We know so little about nature’s basic 
underlying principles today that it is incredible that anyone should think 


that our knowledge of natural laws is anything but exceedingly small 


when compared with the vast amount that is listed in the unknown column. 


This alone should be encouraging, for if we can accomplish all that we have 


with such a poor understanding, it is reasonable to expect vastly better 
results as we obtain more basic knowledge.”—Grorce H. Bucuer, Presi- 


dent of the Westinghouse Electric & Manufacturing Company. 
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CAST IRONS 


The Control and Improvement of Their Properties 


C. H. LORIG 


Supervising Metallurgist, Battelle Memorial Institute 


UCH of the development in the 
past that has raised the casting 
industry to its present level has 

been the product of diverse researches 


both of fundamental and practical na- 
tures. This progress has been continuous 


and fast, especially during the past 
decade, and new developments will con- 
tinue to come at an ever increasing rate 
because an ever increasing amount of 
energy and thought is being given to the 
matter. The developments in cast iron 
are typical of the progress that has been 
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made in both iron and steel castings. 

While alloying of gray iron dates back 
25 years, the use of alloys started a train 
of events that have had an astonishing 
influence on the gray iron industry as a 
whole. It has made the industry high- 
strength conscious, with the result that 
there has been a sound growth in the 
manufacture and use of irons whose 
strength far what previously 
had been the rule for gray iron. The 
natural effect was to extend the field of 


application for cast iron, to develop 


exceeds 


irons better adapted to given require- 
ments, to utilize more effectively those 
inherent characteristics possessed by cast 
iron such as wear resistance, damping 
capacity, low notch sensitivity, and to 
widen considerably our knowledge of 
engineering qualities and compositions 
of cast iron. Along with this there has 
been a general movement toward making 
better irons without alloying. Mainly 
through the control of carbon and sili- 
con content and with a growing appre- 
ciation of the influence of structure on 
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the properties of irons, unalloyed irons 
are now being made consistently, in 
some foundries, with strengths well over 
40,000 Ib. per sq.in. That is a remark- 
able achievement. It is something that 
many foundries are now doing and every 
gray iron foundry will soon be able to 
accomplish as a routine matter. 

The engineering properties of cast 
iron are more commonly defined in terms 
of static properties. Of equal or greater 
importance in some applications of cast 
iron are the need for such qualities as 
good wear resistance, high damping ca- 
pacity and low notch sensitivity. Develop- 
ments toward producing cast irons which 
excel in one or more of these latter 
qualities have been highly successful. 

One of the outstanding qualities of 
cast iron is its good frictional charac- 
teristics. That is generally conceded. 
Much effort has been expended in in- 
vestigating wear properties of cast irons 
both under service conditions and in 
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Fig. 1—Plot of endurance data on cast irons showing the relation of endurance limit to 
tensile strength for smooth and notched specimens of cast bars 
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Fig. 2—Effect of heating temperature on the properties of two 
cast irons melted in a high frequency furnace and receiving no 


ladle treatment 


210 











1.60 
38,000 
36,000 
34,000 
32,000 
30,000 
28,000 

3,000 

2,800 

2,600 

2,400 

2,200 

















Tensile 
Strength 
Lb./In? 





Transverse 
































Deflection 
Inches 


Y 


IN 
AL 
FN 





Fig. 3—Effect of heating temperature on the properties of two 
cast irons melted in a high frequency and treated in the ladle 
with ferrosilicon and with calcium silicide 
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tests that supposedly simulate conditions 
in service. While such tests frequently 
provide data highly desirable to the 
problem in question they seldom give 
information of fundamental importance 
to the general problem of wear between 
similar and dissimilar metal parts. be- 
cause of the complexity of the wear 
problem. 

No numerical figures for ranking 
cast irons as to their wearing properties 
can be quoted, for such figures would 
have little meaning. Naturally the mating 
material used in wear tests has the same 
importance as the material that is being 
tested. What the wear tests are designed 
to show is one of four things, the resist- 
ance of the iron to abrasion. or to cor- 
rosion, or to galling (seizing). or to cut- 
ting. each of which typifies a particular 
kind of wear resistance. 


Abrasion Resisting Irons 


Both research and service perform- 
ance have indicated that cast irons with 
fully pearlitic structures consisting of 
alternate lamellae of almost pure iron 
and iron carbide the total carbon of the 
structure being somewhat under 0.9 per 
cent. and with fairly generous amounts 
of graphite in coarse, flake form resist 
abrasion and galling to a high degree. 
A ferritic iron, one with much free iron 
in its structure, always wears more rap- 
idly than a pearlitic one. Other proper- 
ties of irons such as their hardness and 
the presence of hard particles dispersed 
in their structures also appear to be of 
some significance from the standpoint 
of wear resistance, although such hard 
particles may cause excessive wear on 
the mating surface. The importance of 
their ability to form and maintain a 
film on wearing surfaces has only re- 
cently been recognized. In the future 
much more should be heard of the role 
played by these surface films. 

Cast iron possesses a higher damping 
capacity than steel. Soft irons have a 
high damping capacity and as the 
strength. hardness, and stiffness of the 


irons increase, the damping capacity is 
lowered. But even high-strength irons 
have greater damping capacities than 
steel. ‘ 

A great deal of interest in the damp- 
ing capacities of cast irons has been 
manifested lately owing to the fairly 
widespread adoption of cast iron for 
crankshafts. The higher damping ca- 
pacities and lower notch sensitivities ot 
cast irons have been extremely impor- 
tant factors in causing this shift from 
steel crankshafts. 

The damping capacity, which is de- 
fined as the per cent energy loss per 
cycle of free vibration, calculated for 
stresses equivalent to 15 and 35 per 
cent of the tensile strength, for several 
plain and alloyed cast irons are sum- 
marized in Table I. 

It seems significant from an engi- 
neering point of view that at working 
stresses equal to 15 per cent of the 
tensile strength, the stronger alloyed 
irons are superior in damping capacity 
to the unalloyed irons. The conditions 
reverse at working stresses equal to 35 
per cent of the tensile strength. How- 
ever, structures are seldom designed for 
working stresses much above 20 per cent 
of the tensile strength. 


Endurance Limits 


Cast irons differ from most engineer- 
ing materials in their low susceptibility 
to notch effect. This has been demon- 
strated many times. It has been observed. 
however, that as the tensile strength of 
iron increases, the irons begin to show 
an effect of the notch, the notched bar 
endurance limit falling slightly below 
that for the unnotched bar. The endur- 
ance data on cast irons cited in the 
literature have been summarized in the 
composite curve of Fig. 1 where the 
relation of endurance limit to tensile 
strength for both smooth and notched 
specimens is shown. 

Tremendous strides have been made 
in the technique of manufacture of gray 
cast irons and they are finding a new 


Table I—Damping Capacities of Several Plain 
and Alloyed Cast Irons 


At Stresses Equivalent to 15 and 35 per cent of the Tensile Strength 
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CHEMICAL COMPOSITION (PER CENT) TENSILE DampiInc CAPACITY 
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Fig. 4—Microstructure (X100) of sulphur- 
free cast iron showing the characteristic 
distribution of graphite in the absence of 
sulphur 


place as an engineering material be- 
cause of the improvements in properties. 

Lowering of the carbon by using 
higher steel charges in the cupola, or 
by better regulation of the cupola to 
give lower carbon irons have been two 
of the most successful means for raising 
the strength of the irons. These prac- 
tices have led to others which primarily 
concern a better control of graphite size 
and distribution. Thus there is the gen- 
e1al tendency to raise the temperature of 
the metal from the cupola and, further, 
to make ladle additions of ferrosilicon, 
calcium silicide, and other 
graphitizers. 

Superheating of cast iron, as it is often 
called, came about with the advent of 
electric furnace melting. By raising the 
temperature, which was easily accom- 
plished in the electric furnace, a refine- 
ment in graphite size in the iron was 
obtained. This refinement in the graphite, 
coupled with a more ideal distribution, 
improved the strength of gray iron with- 
out changing its composition. The dis- 
covery that irons could be strengthened 
by superheating has had a significant 
influence on melting operations today. 
But at present the results of superheating 
are not always as we would like to have 
them; sometimes they are bad. 


various 


Superheated Irons 


In Fig. 2 are shown the properties of 
two high-frequency furnace cast irons 
made from pig iron, steel scrap, and 
ferroalloys superheated to different tem- 
peratures. The irons were untreated in 
the ladle. There is a slow rise in strength 
with increased temperature at the low 
end of the temperature scale followed 
by an abrupt drop in strength, reaching 
a minimum at around 2,750 deg. F., and 
then another slow rise in strength as the 
temperature is further increased. This 
peculiar behavior in the strength as a 
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Fig. 5—Influence of sulphur on the size of graphite in cast iron 


result of superheating can be readily 
followed from the structural changes in 
the iron; rather marked changes in the 
structure accompany the changes in 
properties. 

In Fig. 3 are shown properties of simi- 
lar irons heated over the same tempera- 
ture range but treated in the ladle with 
ferrosilicon and with calcium silicide. In 
contrast to the untreated irons, the struc- 
ture of the treated iron is fully pearlitic 
and contains no graphite in the dendritic 
(tree-like) pattern. The size of the 
graphite flakes decreases somewhat with 
increase in metal temperature. That 
probably accounts for the unusual effect 
of metal temperature on properties. Pro- 
vided ladle additions can be employed, 
metal heating temperature sometimes 
influences strength more than do most 
alloy additions. In this case the tensile 
strength of the treated iron is raised 
from 35,000 to 51,000 lb. per sq.in. by 
means of metal temperature alone. 

The problem is to explain why cast 
iron is so sensitive to metal temperature 
and to other factors in its manufacture. 
Why are ladle additions so effective at 
times? It can be rightly said that all of 
this is still an air-tight mystery to us, 
although with several individuals and 
laboratories studying the problem it may 
not remain a mystery much longer. When 
it is solved we can then begin to apply 
reasoning instead of rule of thumb 
methods when specifying operations for 
melting gray iron so as to produce cer- 
tain results. 

Boyles at Battelle has worked on vari- 
ous phases of the problem for the past 
four years. The ground covered in his 
researches has been wide; nevertheless 
there is still an enormous amount otf 
work to do. 


Effects of Sulphur 


One important result of Boyles’ work 
that is of general interest was his estab- 
lishment of the fact that sulphur has a 
profound influence upon maintaining the 
proper structure in the iron. Boyles 
showed that in the absence of sulphur 
the graphite tends to separate in den- 
dritic (tree-like) form giving the iron 
poor mechanical properties. The struc- 
ture of a sulphur-free iron is shown in 
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Fig. 4. On increasing the sulphur con- 
tent of this grade of iron the graphite 
becomes flake-like in form. As shown 
in Fig. 5, the flakes increase in size 
with increasing sulphur, finally reaching 
a maximum beyond which their size de- 
creases with increase in the percentage 
of sulphur. 

Only a minimum of heat-treating is 
now being done on cast iron but certain 
developments are in progress that are 
likely to alter profoundly our attitude 
towards heat-treated iron. We can look 
forward to the time when each progressive 
gray iron foundry supplying a variety 
of castings to the trade will have its 
heat-treating department or will be 
obliged to send out certain of its work for 
heat-treatment. 

One trend in gray iron foundry prac- 
tice has been the use of greater percent- 
ages of steel and scrap in cupola charges 
in order to lower the carbon content and 
to make stronger irons. There has been 
a definite improvement in the pig iron 
in the last few years through the intro- 
duction of the smaller pig, a closer classi- 
fication according to silicon, and greater 
uniformity in analysis of the pig in each 
carload lot which has been made pos- 
sible by the use of large mixers at the 
blast furnace. These changes in pig and 
in proportioning of the cupola charge 
tend toward better control of the analysis 
of the cast iron and allow the foundry- 
men much greater leeway in the range of 
analyses that can be furnished. 


Better Foundry Controls 


Auxiliary equipment for the cupola 
has been vastly improved. . Hot-blast 
cupolas are being installed in some of 
the larger foundries to reduce the amount 
of coke per charge, to get hotter iron, 
and to lower the cost of melting. 

It is only recently that attempts have 
been made to control accurately the 
quantity. of air so as to maintain a con- 
stant stage of cumbustion within the 
fusion zone in the cupola. Controlled 
combustion can be a definite source of 
fuel economy. Combustion within a 
cupola is almost entirely dependent 
upon the type and quantity of coke 
available in the combustion zone to- 
gether with the amount of air used to 








burn it. A new control device measures 
the relative amount of air entering the 
cupola and simultaneously records the 
carbon dioxide content of the effluent 


gases. These two measurements are 
properly co-ordinated into an automatic 
control device consisting of a differential 
pressure recorder and a carbon dioxide 
recorder that regulates the blast so as to 
compensate for changing conditions in 
the combustion zone and to obtain both 
uniform and efficient cupola operation. 

One more recent development should 
be mentioned. Cement bonded sand is 
now coming into use for molds for 
casting gray iron, steel and non-ferrous 
metals. The Randupson process, as the 
cement molding process is known, uses 
silica sand bonded with ordinary Port- 
land cement and water. The amount of 
water added is such that the cement is 
subhydrated only. The cement propor- 
tions vary from 3 to 15 per cent, while the 
total water in the mixture is from 2 to 
9 per cent. The sand is milled for several 
minutes and, because of its setting char- 
acteristics, must be used within a few 
hours after being mixed. The molding 
practice departs from usual practices as 
the material is rammed around patterns 
mounted in wooden boxes, and the molds 
are then set aside, after stripping off the 
boxes, to harden for from 24 to 72 hr. 
Their surfaces are blackened, if neces- 
sary. The various parts are clamped to- 
gether without any surrounding flask 
parts. 

The molds have great mechanical 
strength and high permeability. It is 
essential to preserve a well-defined ratio 
between the amount of water used and 
the quantity of cement in order to insure 
high permeability. 

At the present time large tonnages 
of carbon and alloy steels, cast iron, 
gunmetal, phosphor bronze, manganese 
bronze, aluminum alloys, and magnesium 
alloys are being cast abroad by the Rand: 
upson process and in weights from a few 
pounds to 30 or 40 tons. The process is 
also making headway in this country. 

The cement bonding of molding sand 
has been the first major step away from 
the customary methods of preparing sand 
mixtures. The future for the cement 
molding process appears to be exceed 
ingly bright. 





Propuct ENGINEERING 


0.294 per cent § 








ral 
ar- 
few 
ing 

as 
rns 
ids 
the 


ces. 
to- 


ask 


ical 
t iş 
atio 
and 
sure 


ages 
ron, 
nese 
sium 
and- 

few 
ss is 
sand 
from 
sand 
ment 
veed- 


RING 


CAPACITOR MOTORS 


Types, Characteristics and Fields of Application 


QUIRREL-CAGE induction motors 
are nearly ideal for converting 
electrical to mechanical energy. 

as built for two or three phase circuits, 
the only mechanically wearing parts are 
the bearings. The conductors that are 
connected to the line, namely the stator 
windings, are all stationary, and the 
rotor, which is of the squirrel-cage type, 
is an extremely durable and trouble-free 
solid mass consisting of a laminated iron 
core with heavy bars short circuited by 
end rings. The rotating field produced by 
the stator induces low voltage current in 
the rotor bars, and torque results from 
the reaction of the rotor currents with the 
rotating magnetic field of the stator. Thus 
the rotor tries to catch up with the rotat- 
ing field but never quite does. If it did 
there would be no induced current in the 
rotor and hence torque would be zero. 
With a simple single phase stator wind- 
ing there is no rotating field when the 
rotor is at standstill and hence there is 
no starting torque. A second winding is 
therefore put on the stator and a ca- 
pacitor connected in series with it and the 
line as shown in Fig. 1. The capacitor 
causes the phase angle of the current in 
this second winding to advance. Thus, 
the ampere-turns in the two windings 
being out of step both in space and time, 
a revolving field results and torque is 
created. This simple form of capacitor 
motor is the nearest approach we have 
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Fig. 1 -Schematic wiring diagram of single value capacitor motor 


Fig. 2 Torque-speed characteristics of the capacitor type fan 
full running speed is where the torque-speed curves 


motor. The 
of fan and motor intersect 
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Capacitor 


C. T. BUTTON, Sales Engineer 
The Holtzer-Cabot Electric Company 





Capacitor motor with capacitor mounted 
on top of the frame 


to the polyphase squirrel cage induction 
motor and hence the nearest thing to an 
ideal single phase motor. 


Single Value Capacitor Motor 


The simple type of capacitor motor has 
many advantages in addition to possess- 
ing the practical advantage of the poly- 
phase squirrel cage type. It is the most 
quiet and has the best power factor and 
efficiency of any of the various classifica- 
tions of single phase motors of compa- 
rable standards of design. But the simple 
capacitor motor has one inherent limita- 
tion, namely, low starting torque. How- 
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ever, by methods which will be described, 
large values of starting torque and vari- 
ous other modified characteristics can be 
secured. 

The single value capacitor motor is 
also generally known as a permanent 
split capacitor motor or a low torque 
capacitor motor. 

To obtain a high starting torque re- 
quires a high value of capacity, but with 
a large capacitor the electrical losses 
when running become excessive. Hence, 
in general the permanent split capacitor 
motor cannot have a high starting torque 
—usually considerably less than 50 per 
cent full load torque. Such motors in 
fractional sizes have capacitors in the 
range of about 1 to 15 microfarads. The 
starting current is relatively low, rang- 
ing from two to three times the full load 
current. The maximum or breakdown 
torque is usually at least twice the full 
load torque, as shown in Fig. 2. The 
efficiency and power factor of the single 
value capacitor motor are inherently high 
and the absence of a centrifugal switch 
and brushes makes this a quiet, simple, 
dependable motor. It is inherently quiet 
while running because the capacitor 
winding reduces the double frequency 
torque pulsation which is the cause of 
much of the noise in a single phase 
motor. Resilient mountings also are used 
to eliminate transmission of motor hum. 

Low starting torque permanent-split 
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Fig. 3—Two-speed capacitor motor. 


speed fan motor. 
running speed 





capacitor motors are ideal for driving 
fans and blowers and for any other ap- 
plications where the load at starting is 
limited to the motor bearing friction. 
They are admirably suited for driving 
ventilating fans mounted on the motor 
shaft, small centrifugal pumps. grinding 
wheels and similar units where there is 
no imposed load at zero speed other than 
inertia. Fig. 2 shows the torque-speed 
characteristics of a fan and its driving 
motor. The running torque and running 
speed are determined by the point at 
which the two curves cross. 

As noted on the curves, the motor must 
be designed so that at zero speed it will 
develop enough torque to overcome start- 
ing resistance. If the motor fails to start 
and remains across the line it will sooner 
or later burn out. Often the motor has a 
thermostatic switch to disconnect it from 
the line if it gets too hot. 

In determining the required starting 
torque, allowances must be made for all 
possible conditions that might increase it. 
Cold or tight bearings, poor lubrication, 
low voltage and similar conditions re- 
quire the motor to have a good margin of 
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Fig. 5—Speed-torque characteristics of multi-speed capacitor type 
fan motor. The starting torque decreases with decreased running 
speed and at lowest speed should be enough to start the motor 
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Capacitor 


High speed connection is 
with the two sections of main winding in parallel as shown by 


dotted lines. For low speed, leads 2 and 3 are together, putting 
the two main winding sections in series and thereby giving a 


low speed about two thirds that of high speed 


Fig. 4—Alternate schemes for auto transformer control for multi- 
Starting torque decreases with decreased 
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starting torque above that required under 
normal conditions. 

Any desired number of different speeds 
with fan load can be obtained with ca- 
pacitor motors. ranging from the normal 
speed down to 40 to 50 per cent of syn- 
chronous speed. Two speeds are obtained 
merely by a two position switch that 
changes two-sections of the main winding 
from parallel to series connection as 
shown in Fig. 3. Any number of addi- 
tional speeds are obtained by a multiple 
position switch that connects to different 
leads on an auto-transformer, thereby 
varying the voltage applied across the 
main winding as shown in Fig. 4. The 
starting torque for any setting decreases 
with decreased running speed. 

It is good design and application engi- 
neering to have the multi-speed motor 
capable of exerting sufficient starting 
torque at the lowest speed. The switch is 
quite commonly connected so that the first 
point is for highest speed which gives 
highest starting torque. This, however, 
does not protect the motor if there is a 
momentary shut down of power while the 
motor is running at lowest speed. Under 
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such conditions, if the power comes on 
again after the motor has stopped and the 
motor is unable to develop sufficient tor- 
que to start at its slowest speed, it may 
burn out. 

The accompanying torque-speed curves, 
Fig. 5, of a typical multi-speed capacitor 
type motor show how the torque de- 
creases with decreased speed, the reduced 
fan speed being obtained by increased 
motor slip. The fan load-speed curve 
must be known in order that the motor 
can be designed to give the particular low 
speed desired. The torque required by a 
fan varies as the square of the speed, 
which is what makes the load ideal for 
this type of motor. Variable resistance 
is sometimes used instead of a trans- 
former for speed control, but the effi- 
ciency is poorer on low speed as shown 
in Fig. 6 wherein the power consump- 
tion for the two types of speed control is 
compared. 

Multi-speed motors may be obtained 
with 3-speed, 6-speed, or 10-speed 
switches in the controller. Some types of 
controllers utilize a toroidal wound auto- 
transformer of the slide-wire type, giving 
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Fig. 6—Speed control by variable resistance instead of trans 
former gives low efficiency on reduced speeds as shown by these 
power consumption curves 
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in effect an infinite number of speeds 
down to the practical minimum of 40 to 
50 per cent synchronous speed. 

It is standard practice to mount the 
capacitor on the motor. The latter may 
then be used as a single speed motor; or 
with a snap switch as a two speed motor; 
or with a separate controller for multi- 
speed operation. 

Of course special designs may be ob- 
tained where quantities warrant, such as 
double-shaft motors for driving two cen- 
trifugal fans, controllers mounted on 
motor, and so on. Adjustable speed mo- 
tors for belted fans present a special 
problem which should be referred to the 
motor manufacturer for recommendation. 


High Starting Torque Motors for 
General Purpose Application 


Capacitor Start Induction Run Motor 
For high starting torque capacitor type 
motors, a high value capacitor is used 
and by means of a centrifugal switch the 
capacitor winding is automatically dis- 
connected at about 75 per cent full run- 
ning speed. This is analogous to the 
common split phase motor, except that 
the capacitor in series with the capacitor 


winding increases starting torque per 
ampere, for which reason larger size 


single phase motors are practical in ap- 
plications where the split phase type 
would draw excessive starting current. In 
order to obtain a high value of capaci- 
tance in a small space, an electrolytic 
type capacitor of the order of 100 to 400 
mfd. capacitance is used. When the mo- 
tor is running with the capacitor dis- 
nected it operates as, and has the charac- 
teristics of, a conventional split phase 
induction motor. 

The limitation in the application of 
the high-capacitance high starting torque 
motor centers in the electrolytic con- 
denser which will get hot and deteriorate 





Fig. 8—Cupacitor-transformer type of high starting torque capac- 
“or motor secures optimum effective values of capacitance for 
starting and for running by using a small auto-transformer 


Pig. 9—Ty pical speed-torque curve of the high-torque capacitor 


motor of the transformer-capacitor type 
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Fig. 7--High torque capacitor motor. The 
motor starts with the high capacity 
electrolytic capacitor in the circuit and 
at 75 per cent running speed the cen- 
trifugal switch cuts out this capacitor. The 
motor may then run as an induction run 
type, or the design of the motor may be 
such that the centrifugal switch connects 
into the circuit an oil-filled low value 
capacitor, shown dotted 


if starting is too frequent. if the period of 
starting during which the condenser re- 
mains across the line is too long or if 
the motor operates in a high ambient 
temperature. Permissible frequency of 
starting usually is 20 starts per hr., each 
start not over 3 sec. duration. Maximum 
ambient temperature for the capacitor is 
130 deg. F. The starting torque exerted 
by the motor should be sufficiently high 
so that the motor will reach 75 per cent 
of its running speed in a relatively short 
time. Or conversely the starting load and 
inertia or WR? should be kept within 
suitable limits for a given motor, with the 
same objective. 

The capacitor start motor has found a 
wide field of application for such duty as 
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domestic refrigerators, pumps and so on, 
because it is inherently inexpensive in 
construction and has 300 to 400 per cent 
of full load torque on starting. 


Capacitor Start Capacitor Run Motor 


The motor just described may be im- 
proved in respect to running performance 
by having a relatively small value of ca- 
pacitance connected in series with the 
quadrature or capacitor winding while 
running, as shown in Fig. 7. The running 
capacitor may be left permanently con- 
nected in series with the capacitor wind- 
ing, thus adding to the effective starting 
capacitance. This provides the operating 
advantages of the simple type of capacitor 
motor, namely, quietness, efficiency and 
high power factor, and frequently is util- 
ized to increase the permissible rating of 
a given frame size. 

A variation of the capacitor-start ca- 
pacitor-run type is shown by Fig. 8 and 
its speed-torque curve in Fig. 9. In this 
capacitor-transformer type of high torque 
motor, the two optimum values of ca- 
pacitance for starting and running are ob- 
tained effectively by taps on a small auto- 
transformer. This in effect changes the 
voltage on the capacitor, so that the lead- 
ing volt-amperes are relatively high at the 
start, but are reduced to proper value for 
the running condition. This construction 
is commonly used on large sizes or where 
the starting conditions may be particu- 
larly severe—such as high inertia loads, 
frequent starting, or high ambient tem- 
perature. An oil filled capacitor is used. 

Either of the two general types just de- 
scribed are referred to as two-value ca- 
pacitor, or capacitor-start capacitor-run 
motors. 


Conclusions 


It is seen that the capacitor type motor 
is a versatile machine. It may be designed 
for almost any type of load. The cost is 
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relatively low. As compared with the 
repulsion-induction motor, it has compa- 
rable or superior performance. 

One might say that the existence of 
any single phase motor is not justified if 
three phase or two phase, a.c. supply 
were universally available, but such a 
statement is not a realistic consideration 
of conditions. 

The great improvement and reduction 


Eprror’s Note: We wish to emphasize 
that in consenting to furnish this column 
wherein general explanations of the law 


in specific patent cases are set forth, Col. 
H. A. Toulmin, Jr., wants it clearly 
understood “that each actual case should 
be submitted to your own patent attorney 
who is the only one familiar enough to 


advise you accurately.” The purpose of 


these explanations is to give a better un- 
derstanding of questions of patent law.) 


No. 16 


QUESTION: How much time does an 


inventor have before he has to file his 
application? 


ANSWER: For many years the inventor 
was given two years within which to file 
his application for a patent, Last year a 


statute was passed changing this period 
from two years to one year. This one year 
statute goes into effect in August, 1940. 

The year begins to run from the date 
of the first public use or sale or offer to 
sell. The year does not begin to run until 
one of those three events occur which 
constitute a disclosure to the public. The 
invention may be conceived, drawings 
made and extensive tests made privately, 
but if there is a public use of the inven- 
tion or a sale of it or even an offer to 
sell it, then the one year will begin to run. 

Another turn of the law which must be 
observed is that if the machine or process 
is kept secret either the sale of a product 
made by the process or the machine will 
be the same as a prior public use or sale. 

Many courts have held that necessary 
public use in order to conduct experi- 
mental work over a considerable period 
will not constitute such prior public use 
as to cause the statutory period to run 
against the inventor on the theory that if 
the only way such tests can be made as 
in the case of a pavement, must necessar- 
ily be a public test, and the time for 
determining whether the pavement would 
last, would be more than the statutory 
period, then this period does not start to 
run until the successful completion of 


216 


in cost and size of capacitors in the last 
15 years has contributed greatly to the 
widespread use of capacitor motors. 
This discussion is not to be regarded as 
a reference work for details of construc- 
tion, but merely as an outline of basic 
principles. For example, many capacitor 
motors are made dual voltage, reversible, 
and with special characteristics and con- 
nections for special purposes. Progress 


Case Histories In Patent Law 


H. A. TOULMIN, Jr. 


the tests. In every case there is a matter 
of fact to be determined as to what is just. 

Of course, the only safe rule to follow 
is to file the patent application as 
promptly as possible in the Patent Office 
because that eliminates every question. 
On this subject of public use, the Su- 
preme Court said in the case of Smith v. 
Sprague, 123 U. S. 248, 258:— 

“But if the inventor allows his machine 


to be used by other persons generally 
either with or without compensation, or if 
it is, with his consent, put on sale for 
such use, then it will be in public use 


and on public sale within the meaning 


of the law.” 


In the case of an offer to sell, the 
Court of Appeals in the case of Wende 
v. Horine, 225 F. 501, 505, said :— 

“If Horine’s letter amounted to an offer 
to sell the apparatus, then clearly these 


letters, standing alone, put it ‘on sale’ 


within the meaning of the Statute to the 
only immediate prospective customer just 
as effectively as a distributed price list 
puts an article on sale to the public. 

“The offer to the Stock Yards Co. was 
completed at the latest when Denison, 
as secretary, received the letters; the 
date at which he caused the substance of 
their contents to be communicated ver- 
bally to Sherman is immaterial, and, of 
course, the delay of over nine months 
before Horine’s proposition, modified in 
some respects, was finally accepted, can 
have no bearing on the case. 

“The Statute does not require a ‘sale,’ 
but only a placing ‘on sale,’ prior to two 
years before the application. Under this 
language, a completed sale, either with 
or without delivery, is not demanded; an 
offer to sell, made to a prospective pur- 
chaser after the experimental stage has 
been passed, the invention reduced to 
practice and the apparatus manufactured 
in its perfected form, is a placing on sale 
within the Statute.” 

On the subject of the prior public 
use the Supreme Court in the case of 
Woodbridge v. United States, 263 U. S. 
50, 56, said: 

“The importance of working out the 








in design and construction has been «ap. 
idly advancing in the last decade and 
there is no reason for supposing thit a 
static level has been reached. On the 
other hand, the basic principles outlined 
herein are in large part relatively old— 
the names of Dr. Steinmetz and Professor 
Bailey are associated with early theo- 
retical and practical investigation oi! the 
possibilities of the capacitor motor. 








purpose of Congress of keeping the in- 
ventor’s monopoly within the term for 
which the patent is granted, is thus shown 


to be capital. Any practice by the inventor 


and applicant for a patent through which 


he deliberately and without excuse post- 
pones beyond the date of the actual in- 
vention, the beginning of the term of his 


monopoly, and thus puts off the free 


public enjoyment of the useful invention, 
is an evasion of the Statute and defeats 
its benevolent aim.” 

On the subject of whether an inventor 
is justified in delaying more than two 


years after he makes his invention before 


he files his application, the courts gener- 
ally resolve all doubts against the in- 
ventor as it is the policy of the law to 
encourage the inventor to file his appli- 
cation and ultimately to make a prompt 
disclosure to the general public through 


his patent. 


In the case of Eclipse Machine Co. et 
al. v. Harley-Davidson Motor Co. et al.. 
252 F. 805, 811 (C.C.A. 3) the Court of 
Appeals for the Third Circuit said: 

“When more than two years elapse 
after the invention is made, the inventor 
must assume the burden of excusing the 
delay and overcoming the presumption of 
dedication from commercial use.” 

Of course, one must be very careful not 
to make any publication which is more 
than the statutory period because this 
will bar his getting a patent. This was 
pointed out in Wagner v. Mecanno, Ltd.. 
246 F. 603, 607, as follows: 

“An inventor’s own publication of the 
device for which he seeks a patent more 
than two years prior to the application is 
a disclosure within Rev. St. 4886 (Comp. 
St. 1916, Sec. 9430) and precludes the 
patenting of his invention.” 

In conclusion, the rule is that no public 
disclosure should be made until that is 
absolutely necessary and then the appli- 
cation should be filed in the Patent Office 
within one year from the date of first 
such disclosure to the general public. 
whether this be accomplished by means 
of a publication, a public demonstration 
or use, a sale or an offer to sell. 
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PRODUCT FINISHES—II 


Causes and Remedies for Finishing Troubles 


GORDON H. ROBERTSON 
Sherwin-W illiams Company 


T IS advantageous for the product application. The following tabulation is stressed. The article covered “break- 
engineer to be able to analyze com- continued from the April number of ing” and skinning of liquid, excessive 
mon causes for failures in finishes and to Propuct ENGINEERING, pages 163 and setting and sagging film. This article 
suggest remedies that may be helpful, 164. In the preceding installment, the discusses lack of flow, “washing” of 
since the specification of the correct fin- importance of both surface cleaning and film, drying, lack of adhesion, flat spots, 
ish does not always insure its proper the choice of the proper reducer was excessive body and other finish troubles. 





5. Lack of Flow 


CAUSE REMEDY 
A. Insufficient reduction. A. Reduce according to instructions. 
B. Use of solvent with too fast an evaporation rate. B. If fast evaporation is due to local weather conditions, choose a 
slower evaporating solvent than originally recommended. 
C. Improper atomization of spray gun. C. Adjust spray equipment. 
D. Application of too thin a film. D. Apply more material to surface. 


E. Excessive heat or cold. E. Establish normal temperature close to 75 deg. F. of both material 


and room. 





6. “Washing” of Film 


CAUSE REMEDY 


A. In some dip operations, faulty ventilation in the hood above the \. Provide proper ventilation over dip tank. 
dip tank allows a concentrated collection of solvent vapors which 
reduces the film on the object which has just been withdrawn 
from the dip tank, thereby causing the film to wash or flow off 
the coated surface 


B. Faulty ventilation in oven causes concentration of vapor. B. Provide proper ventilation. 


C. Wash caused by cleaning solvents or grease remaining in crevices. C. Be sure surface is clean and dry, as well as all crevices. Pre- 
heat to evaporate thinners or burn off grease, if necessary. 





7. Non Drying or Poor Drying 


CAUSE REMEDY 


A. Humid weather. A. If possible, place in heated drying room. 


B. Cold weather. B. Maintain a temperature of at least 65 deg.; 75 deg. is desirable 


for normal drying. 


C. Absorption of drier by paint material. C. While it is a problem of formulation to avoid possibility of 


drier absorption, there are occasions when the best formulated 
products are apt to face the difficulty. Remedy is to add drier 


in small quantities. It is best to consult the finish supplier for 
specific handling recommendations. 


D. Greasy, waxy, or otherwise unclean paint surface. D. Clean surface carefully with volatile solvents. If metal, use 
special metal treatment such as tabulated above. 
E. Failure to stir all pigment of pigmented finishes into proper E. Stir it again! 


suspension before application. Failure to stir properly unbal- 
ances formula of applied material and often will cause poor drying. 


F. If application is over a stained surface, there may be some dye F. Use the proper stain, or seal stain for subsequent coats. 
in the stain which tends to prohibit drying. 


G. Improper ventilation. G. Provide ventilation. 


H. An attempt to fill rough wood or metal by applying a heavy H. Do not attempt to use finish coat as a surtacer. Apply only a 
coat retards thorough drying. full covering coat. 
l. Improper solvents. I. 


Too fast evaporating solvent may cause surface drying and 
may entrap solvent. (Continued on next page) 
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8. Spotty Drying 


A. Unclean surface. 


B. Unevenness of surface on metal or wood. 





9. Lack of Hiding Power 
CAUSE 


A. Over-reduction. 


B. Application on very cold, smooth surface which tends to cause 
film to flow off. 


C. Pigment not properly stirred into suspension. 
D. Too slow evaporating solvent causing too much flow. 


E. Improper atomization. 


REMEDY 


A. Clean carefully with volatile solvent or if metal, with a com- 
mercial metal cleaner, such as tabulated above. 


B. Seal to prevent porous areas from absorbing finish. 


REMEDY 


A. Add fresh, unreduced material to that which has been reduced. 


B. Use a faster evaporating solvent. See section on Industrial 


Reducers at beginning of this article. 
C. Stir it and keep stirred. 
D. Use faster solvent. 


3. Adjust spray equipment. 





10. Lack of Adhesion 
CAUSE 
A. Certain types of metal such as galvanized iron, cadmium, zinc 
are difficult surfaces. 
B. Unclean surface. 


C. Lack of film toughness, produced by over-addition of drier. 


D. Mar-proofer in previous finish or in first coat. 


E. Sometimes the finish coat and the primer used are not meant to 
be used together, and the solvent in the finish coat practically 
lifts the primer from the surface. Even though film will dry 
and have good appearance, primary adhesion has been ruined. 


F. Overbaking, which accelerates loss of flexibility in the film. 


REMEDY 


A. If normal methods of metal preparation do not overcome adhe- 
sion difficulties, then send full particulars, along with samples 
of metal, to the finish manufacturer. 


B. Clean carefully with volatile solvent, or if metal, with a com- 
mercial metal cleaner. 


C. Check results against fresh material to which no drier has been 


added. 


D. If refinishing over mar-proofed old finish, clean carefully with 
strong volatile solvent. If mar-proofer is in the first coat just 
applied, it will be necessary to choose another type of under- 
coater or else a mar-proof finish which will allow application of 
another coat over it without loss of adhesion. 


E. Make sure that the proper recommended primer and finish coat 
are used together. 


F. Check oven and bake according to instructions. 





ll. Lack of Adhesion Between Coats 
CAUSE 


A. Primer and enamel not recommended for use together. 


B. Primer dries too hard either due to inherent drying quality, or 


long aging prior to application of finish coat. 


C. Grease from metal may sweat through to primer surface. 


REMEDY 


A. Use properly recommended system. 


B. Roughen primer with sandpaper or steel wool. It may even be 
necessary to use a reducer of higher solvent strength in the finish 
coat in order that a “ tooth ’’ can be obtained in the primer film. 


é 


C. Proper metal cleaning and follow “ B ” above. 





12. Brittleness 


“lack of adhesion ” 
Other than 


It is often difficult to differentiate between 


and “‘ brittleness ” in evaluating some film failures. 


CAUSE 


A. Improper baking. If complete polymerization of film has not 
been effected, brittleness may follow. 


B. Misuse of material; paint designed for one surface applied to 
dissimilar surface. ` 


C. Excessive amount of drier added 


218 


inherent brittleness or lack of adhesion in a finish. the cause for 
each complaint will be the same. 


REMEDY 


A. Check oven operation and follow baking instructions. 


B. Follow Mfgrs. instructions. Use metal coating on metal not 


on wood, etc. 


C. Consult manufacturer of finishing material before making drier 
additions in any quantity. 
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13. Flat Spots 
CAUSE 


A. An absorbent type putty has not been sealed in and, accord- 
ingly, causes top coat to strike in. 


B. In some types of ovens, the temperatures may not be at all 


uniform, causing over-baking at some portions of the finished 
object. 
C. There may be chemical substances upon the surface which would 
tend to dull the gloss. In the case of urea formaldehyde enamels, 
the action of trichlorethylene degreaser fumes causes flatting. 


D. Foul ovens. 


E. Slight wrinkle in spots caused by addition of too much drier. 
F. Oily or dirty surface. 
G. Certain types of metal, such as Galvanneal and terne plate may 


cause flatting in spots during baking operation. 


REMEDY 


A. Seal the putty. 


B. Ventilate the oven and circulate the air within it. Have oven 
checked by competent engineer with accurate instruments. 


C. Make sure that surface is carefully cleaned before finishing. 
In case of fumes attaching film, remove the source of fumes from 
close contact with oven and provide proper ventilation. 


D. Provide proper oven ventilation. 
E. Use less drier. 
F. Provide clean painting surface. 


G. The flat spots, resulting from improper pickling or other causes 
can usually be eliminated quickly by proper cleaning. See list 
of cleaners tabulated above. 





14. Too Much Spray Dust 





CAUSE REMEDY 
A. Wrong solvent blend. A. Usual remedy is to choose a slower evaporating thinner. 
B. Excess spray pressure. B. Reduce pressure. 
C, Over-reduction of material. C. Use less reduction. Add fresh material to that which has 
already been over-reduced. 
15. Excessive Body 
CAUSE 


A. Any material which will dry in the presence of air at normal 
temperatures will tend to take on body by virtue of the oxida- 
tion which takes place. 


B. Even a straight baking type enamel will tend to take on addi- 
tional body due to evaporation of solvents. 


C. In the more advanced stages of oxidation, a livering action often 
occurs which is aggravated by the too swift addition of extra 
thinner. It should be remembered that thinner should always 
be added slowly and the mixture stirred at the same time. 


D. Use of improper solvent. 


GENERAL: 
tanks should be kept tightly sealed. 


The primary cause of excessive bodying is, in most cases, improper handling of dip tank or other storage facilities. 


REMEDY 


\. If bodying of the material has not proceeded to the point where 
there is livering action, it is often possible to bring the thickened 
particles back into solution by addition of a stronger solvent 
from the same solvent classification. 


B. Add proper solvent to bring liquid to proper viscosity and body. 
C. If a definite livering has occurred, it is not easily feasible to 


reclaim the material. 


D. Use recommended thinner. 


All storage 





16. Cracking or Crazing of Film 
CAUSE 


A. Application of long-oil material over a very short one, or vice- 
versa. 


B. Application of too heavy coats. 


C. Due to foul gas in oven, cracking or dull gloss in baked film 
may result. 


D. Checking may be caused by sudden chilling of film during dry- 
ing. 


REMEDY 


A. Make sure that materials used comprise a definite approved 
system. 


B. Apply only sufficient material to accomplish full covering. 


C. Ventilate oven properly. 


D. Raise temperature of drying room and avoid drafts which strike 
the work during drying. 


SSS 


17. Excessive Marring 
CAUSE 


A. Film not completely dried. 


Nore: Use mar-proof quality if practical. 


REMEDY 


\. Allow for more complete air-drying or baking. 


SSR 


Table to be concluded in June PRODUCT ENGINEERING 
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One of the two drafting rooms at Pneumatic Scale Corporation, Limited. Fluorescent lighting is used over all drafting boards 


ENGINEERING RECORDS 


Drafting Room Methods; Use of Photography 


GEORGE F. BURTON, Assistant Chief Draftsman 


NE of the perplexing problems 
in engineering departments is 
that of maintaining a complete 


and up-to-date file of drawings and bills 
of materials. This is particularly diffi- 
cult for companies that manufacture 
special machinery to meet certain service 
conditions, as in the packaging and bot- 
tling field. Basic features of successive 
designs of a line of machines may be 
common to all although each model may 
differ in certain details. It is apparent 
then that complete visual records of suc- 
cessive designs will save much needless 
re-drafting of standardized assemblies. 

Of probably greater importance is the 
use of a well-indexed blueprint file and 
a comprehensive, well-indexed photo- 
graphic file as an aid when starting a new 
development. The designer can, after a 
study of these records, often develop new 
mechanisms from existing tested designs, 
minimizing the number of changes in 
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Pneumatic Scale Corporation, Limited 


patterns and machine parts, and saving 
much drafting time which might other- 
wise be wasted. 

To meet these conditions, Pneumatic’s 
drafting division has developed interest- 
ing techniques in the handling and filing 
of blueprints and in the maintenance of 
a complete engineering file on each new 
machine supplemented by detail photo- 
graphs furnished through a well-organ- 
ized photographic division. 


Handling of Drawings 


Original tracings after a number of 
years’ use, tend to wear away in spots 
and to tear along the edges; this is par- 
ticularly true of pencil drawings made 
on translucent paper. All original layout 
and detail drawings are made on tracing 
paper in pencil. When the machine has 
been tested and proved, and drawings are 
to be continually used, inked tracings 


are made. However, as the number of 
men available for this type of work is 
limited, many drawings are not traced 
but are used until they become badly 
worn. 

Some of the original drawings in Pneu- 
matic’s files are very old; although they 
are pencil,on translucent paper, they 
are still in use. When the drawing starts 
to wear, the worn parts are cut away 
and mended with self-sealing translucent 
cellulose tape. Then in order to strengthen 
the edges and prevent tearing, a unique 
edger is used to fold self-sealing white 
cellulese tape along the drawing edges. 
It has been found that this strengthening 
band will positively prevent edge tearing 
and add to the life of the drawing. 

Strengthened edges can also be used to 
advantage on blueprints subject to rough 
handling in the shop. They have proved 
a further aid in filing, since the tabs by 
which large tracings are suspended 
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tended to tear through the edges of the 
sheet when the drawings are being re- 
moved and replaced in the vertical steel 
files in which originals are suspended. 

The edging tool which is used in the 
drafting room is a small Minnesota Min- 
ing and Manufacturing Company device 
that is temporarily attached to one of 
the drawing boards. The machine is 
loaded with a 30 ft. roll of self-sealing 
cellulose tape. The drawing is placed in 
the guideways and as the handle is turned 
the tape is fed forward and folded over 
the drawing edge. A small cutoff device 
severs the tape at the desired length. 
Cost of edging tracings by this method 
runs about 44 cent per foot. 

In making blueprints, it was a com- 


Worn tracings before and after mending with self-sealing translucent tape and edging 
the Minnesota edging applicator shown in the right hand corner being used to apply 


mon occurrence that the operator’s hands 
and arms developed a rash caused by the 
constant contact with the fixing water 
solution of potassium bichromate. This 
chemical also tended to stain the back 
of finished prints yellow. After some ex- 
perimenting, it was found that peroxide 
of hydrogen diluted in water could be 
used instead of the potassium bichro- 
mate, giving much more contrast in the 
finished print. It also acts as a disinfec- 
tant and positively prevents infection 
of the operator’s hands and arms. 

It is also of interest to note that the 
potassium attacked the fabric dryer 
belts; this does not occur when hydrogen 
peroxide is used. Of course, the most 
important advantage from the company’s 


with self-sealing white cellu‘ose tape. Note 
tape to a worn drawing 


point of view is the saving of operator 
time previously lost on account of in- 
fection. After several months’ use of this 
new wash, it has been found that cost 
of hydrogen peroxide is no greater than 
the previous chemical used. 

White prints on translucent Ozalid 
paper are used to advantage as original 
tracings for new parts similar to existing 
parts. Minor changes are made directly 
on the finished Ozalid print using a liquid 
eradicator, and thus saving much draft- 
ing time particularly in complicated 
drawings where a relatively few number 
of changes must be made. In effect then 
the corrected white print becomes a 
“master.” This system cannot be used 
when the original tracings are in bad 


Close-ups of pusher device, discharge mechanism and a lubricating circuit as photographed for the engineering files 
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condition since dirt and fold marks tend 
to reproduce on the white print. 


Photographic Records 


As a visual aid to the designer a pho- 
tographic file is kept along with the 
blueprint file. Photographs are taken of 
front, rear, sides and tops of the ma- 
chine with all covers removed and are 
bound in a folder cross-indexed to the 
blueprint file on the machine. Thus at 
any time there are available to designers 
and draftsmen various views of the ma- 
chines showing mechanisms and parts in 
place. As mentioned previously, this is of 
invaluable aid in starting out on a new 
design; it is also an aid to the draftsmen 
since parts can be seen in place and in 
proper relation to each other. Further, 
these photos can be numbered and used 
in a parts catalog. 

In order to operate this photographic 
system effectively, Pneumatic has set 
up a separate photographic department 
operating under the engineering division 
and equipped with various types of cam- 
eras and finishing apparatus. This de- 
partment furnishes the engineering di- 
vision with machine views and details, 
and the catalog department with break- 
down views and parts views for the assem- 
bly catalogs sent out with each new ma- 
chine. In many cases this photographic 
department also furnishes the advertising 
and sales departments with effective pho- 
tographs. All illustrations for this article 
were made by Pneumatic’s photo depart- 
ment at the plant, as a part of their 
routine work. 

Sections of the machines are photo- 
graphed for the engineering records with 
a small camera using 4 by 5 in. film. This 
is especially advantageous in cases where 
the original drawings are poor, or are 
very special, or where last minute changes 
have been made in the shop and are not 
indicated on the blueprints. This small 
camera is also useful for photographing 
electrical and lubricating circuits in 
place. These are later used in instruction 
books accompanying each machine. 

Several examples of the work done are 
shown in this article. For the catalog 
department, in addition to supplying 
overall assembly photographs, the de- 
partment also supplies photographs of 
the dis-assembled machine parts in their 
proper relative positions so that the pur- 
chaser will have no trouble in recogniz- 
ing a part when making a replacement 
order. Assembly drawings are photo- 
graphed to aid the purchaser in assembly 
and dis-assembly of machine sections. 
These are taken in sections so that de- 
tails can be read easily. However, it has 
been found that in cases where a number 
of copies are desirable, it is more eco- 
nomical to use planograph reproduction. 

The overall control index of engineer- 
ing photographs which is kept is made 
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up of 8 by 10 in. glossy prints on which 
pertinent data as to machine, date of de- 
sign and description is permanently at- 
tached to each numbered print. When 
changes in design are made, a definite 
procedure is followed to maintain up-to- 
date records. The designer notifies the 
drafting room head who makes the 
changes on the tracings and who, in turn, 
requests the photographic department to 
make a photograph of the new part or 
new assembly as the case may be. The 
new photograph is placed in the engineer- 
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ing file and a cepy is entered in the pho 
tographic department’s cross-indexed 
file. In this manner all engineering vis 
ual and paper records are kept up-to-date. 

An intelligent use of photography as 
an aid in keeping engineering records 
has promoted efficiency in the design de- 
partment and has resulted in considerable 
savings in drafting time and costs. The 
preservation of originals and the develop- 
ment of improved printing methods have 
also helped cut drafting room overhead 
considerably. 





Machine parts are laid on a glass topped table in their proper relative positions and 
photographed from above for the parts catalog. Numbers are stamped on tape and placed 
under each part for identification. Shadows are avoided by using under-table illumination 


and diffused lighting 





£90/8 FALTIO SAND 


0/0 AA : 69 IDLER Aoki 


£9020 PAWL CARRIE 
297 _ PAW, PARIN Tug 
ĝi, PA A 4: 

JOJY PAWMh STUP 

ITE TRNA 

28796 BLOCK 





4 R) SHOW, 
rf 

HON 

28797 Swive 

108/494 SH. A 

J9010 BEARING BRACKET 


70 


520 


— 


SUCTION COUPON FEEDER 


“LON 


PAIR LINA 
OFFSET KINE 
T SEE NOTE 
ON PLATE (026 


af 
/ COLLAR 
£ ARING 









——~_VEGVA covea (EM 
~ NEEM) FILTER BORY 





NO 7867 MOSE COMM. 
9 SHAFI 
56 EVER 
SPRIN 





Referenced detail illustration for parts catalog. Photographed before final machine assem 
bly, the parts are referenced with name and number by draftsman 


PropucT ENGINEERING 








f 


NG 


CAM DESIGN ANALYSIS 


With Formulas for Determining Cam Motion Factors 


speed in machines generally have 

been satisfied through the applica- 
tion of technical analysis to the design 
of machine elements, and also by means 
of continued improvement in manufac- 
turing accuracy. An outstanding exam- 
ple of the results accomplished by the 
inseparable twins, engineering design 
and manufacturing accuracy, is in the 
performance of modern gears. Speeds 
readily obtainable today with gear drives 
were unheard of only a few years ago. 

Some machine parts, however, among 
which the cam is notable, have not come 
in for enough attention, and consequent- 
ly the performance limitations of cams 
are usually the factors which determine 
the maximum speeds of cam controlled 
machines. 

For the operation of average machine 
cams the limiting speed range is 600 to 
800 r.p.m. Few designers would at- 
tempt to develop a machine with the ex- 
pectancy of obtaining more. If higher 
speeds are required link motions must be 
resorted to, although linkages are not as 
versatile as cams and being more com- 
plicated are usually more expensive. 

The relatively low speeds at which 
the ordinary machine cam must operate 
is not unreasonable when the crude 
methods of cam designing and cutting 
are considered. Not much fundamental 
information to aid the designer in mak- 
ing a technical analysis of the cam 
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problem is available, therefore he usu- 
ally resorts to graphical constructions 
which are not conducive to a thorough 
understanding of the general factors in- 
volved in cam motions. 

In the same category with design is 
the manufacturing of cams, since there 
is no commercial method for cutting the 
tracks with the same degree of accuracy 
readily obtained in other machine parts. 
With the exception of the instances 
where only a few are required most com- 
mercial cams are generated in machines 
which receive their control from a mas- 
ter cam or leader. The accuracy of the 
leader, therefore, determines the accur- 
acy of the cam. The objection to this 
system lies in the difficulty of obtain- 
ing accurate leaders. Except for the 
harmonic type cam, which can now be 
generated, leaders are usually cut in 
milling machines by the step process 
from data which are either computed 
or, more often, measured from carefully 
made templates. In milling cams or 
leaders by step cutting it is difficult to 
obtain a smooth continuous cut regard- 
less of the number of steps chosen, and 
finishing must be done by hand methods 
which further destroy the theoretical ac- 
curacy of the track. 

Thus, it can be seen that the procedure 
for making cams today is in the same 
stage of development as that for gears 
previous to the widespread application 
of engineering design and accurate gen- 
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erating methods. The same processes of 
improvement to which the modern gear 
was subjected must be applied to cams 
if higher speeds are to be attained. This 
is all the more logical when it is con- 
sidered that the gear is nothing more 
than a series of cams. 

Most designers find that a technical 
analysis of any cam problem is not a 
waste of time. Some formulas and data 
that should be helpful in selecting a 
suitable cam to perform a desired mo- 
tion will be presented for analyzing cam 
problems to an extent not possible by 
graphical methods. 

In the majority of cam designs the 
designer is concerned only with moving 
the follower from one point to another 
in a specified time. The method of ac- 
complishing this is not usually a design 
limitation, uniform and other special 
motion excepted as long as there is 
smoothness of action, reasonable loads 
in the mechanism, and a satisfactory 
life of the cam. 

There are numerous types of base 
curves available from which the designer 
can select his cam, but probably because 
of the ease of construction, practice has 
narrowed the list to uniform motion, uni- 
form acceleration or gravity, and har- 
monic base curves. Generally, uniform 
motion is used where machine movements 
require it; the gravity base is used 
where cam speeds are high to obtain 
minimum accelerations; and the har- 
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Fig. 1—Comparative velocity characteristics for cams with differ- Fig. 2—Comparative acceleration characteristics for cams with 
different types of base curves 
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Table I—Cam With Radial Follower 
























































| | GRAVITY | CUBE | | 
TYPE | UNIFORM | = m - -| HARMONIC | CYCLOIDAL 
| VELOCITY | —— *DeceELERA- | ACCELERA-| *DECELERA- H = L/2 
TION TION | TION | TION | 
} Ka Kee L — Ket Kai L = Ke | H-H cos Ka | L(Ka — sin Ka)/2 x S 
K L/e 2 LJE 2 LJE t L/® ~4L/6 180° /6 360°/0 i 
R r+ Ka r+ Ke |r+L — Ke?) r+ Ka He L — Kæ |r + H — H cos Ka r + L (Ke — sin Ka)/2 r 
Tan u r/K +a | R/2 Ka — R/2 Ka R/3 Ka — R/3 Ke R/K H sin Ke 2 r R/L (K — K cos Ka) i 
d 90 — p | 90° — 2 90° — p Wa 90° — p w -y 90° y 
RO | | | ET g 
= | K | 2 Ke — 2 Ke 3 Ka — 3 Ke K H sin Ke L (K — K cos Ka)/2 x 
da | | 
ai o | 
dR | : sib | j À K Gk | E T 
ss | 0 2K — 2 K | 6Ka — ô Ka K? H cos Ka | L K? sin Ka/2 
da | | 
Velocity of 
follower K w 2 Kwa — 2 Kwa 3 K wee — 3 Kwa K Hw sin Ka L (Kw — Kw cos Ka)/2 x 
Acceleration l s 
of follower © and 0 2 Ka? — 2 Ka? 6 Kwa — 6 Kwa K? H «a? cos Ka | L K?4? sin Ka/2 
eae Cee lle —.  4 H |2L(1—cosKa) ,__, 
Position of a=0 9 9 cos Ka = <8 | y =2rr+Lka 
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* Sign of a for “ Gravity ” and “ Cube ” decelerations is negative 


t Solve for @ by trial 


Rise of follower 
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Radius of curvature = 


Angular velocity of cam 


l š d? R ane R i 
w -r($a)+(35) 


Any angular position of cam to give rise Y to follower 
Total angular turn of cam to give rise L to follower 
Radius of base circle 

Radius vector of center of follower 

Angle between tangent to curve and R 

Pressure angle of cam 
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monic base is used for the average de- 
sign to obtain the advantage of smooth 
cross-over and consequent minimized 
noise. While no one can question the 
simplicity and usefulness of the gravity 
and harmonic curves, they do not meet 
most advantageously all the conditions 
which the designer commonly encounters, 
especially where speeds are high and 
mechanisms start under relatively heavy 
loads. For these conditions the less 
known combination of cube and gravity, 
and also the cycloidal curves find their 
use. 

The former curve combines the cube 
and gravity bases so that each half of 
the rise, acceleration and deceleration, 
is composed of a cube base for 1/10 of 
the total angular displacement of the 
cam, a gravity base for 3/10 of this dis- 
placement, and the gravity base modified 
by subtracting the cube base from it for 
the final 1/10 of the displacement. The 
cycloidal curve, so called for lack of a 
better term, is a form of modified har- 
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monic, whose ordinates are the abscissas 
of a cycloid curve having a base equal to 
the rise of the follower. Both the com- 
bination and cycloidal cams are dis- 
tinguished by their acceleration charac- 
teristics, which are favorable to high 
speed motions starting under load. A 
further comparison is shown in Figs. 1 
and 2 by velocity and acceleration char- 
acteristics between these two cam curves 
and the two previously mentioned. 

An analysis of the uniform motion, 
gravity, cube, harmonic, and cycloidal 
types of base curves has resulted in the 
formulas presented in Tables I, III and 
IV, which are suitable for use in design- 
ing radial cams with radial, offset-set. 
and swinging types of follower construc- 
tion. The results may also be applied to 
develop formulas for designing barrel or 
cylindrical cams, but such formuias are 
not included in this article. These for- 
mulas, given in terms of the rise of the 
follower and angular displacement of the 
cam, enable the designer to determine at 


any point of the cam track these data: 


Radius of the pitch surface, R 
Pressure angle of the track, ® 
Radius of curvature of the track 
Velocity imparted to the follower 
Acceleration imparted to the follower 


By determining R, the radius of the 
pitch surface of the cam at a number 
of equally spaced angular positions, the 
cam can be cut directly from computed 
data thus avoiding the use of templates 
or the necessity of accurately measuring 
laid-out designs. It should be noted that 
the data obtained for the swinging type 
followers are mathematically correct, a 
condition which is only approximated by 
a graphical construction. 

Among the values depending on ®, 
the pressure angle of the cam, are the 
bending stress in the follower mechanism, 
the normal load on the cam track, the 
torque required to turn the cam, and in 
a measure, the smoothness of operation 
of the cam. While 30 deg. is usually 


PropucT ENGINEERING 


o y =F =e ë eme —_ a 


ca 
in 
arı 
no 


er 


the 
ber 

the 
ited 
ates 
ring 
that 
type 
t, a 


d by 


1 Ẹ, 
, the 
1ism, 
_ the 
1d in 
ation 
ually 


ING 





given as the practical limiting value of 
this angle, it should be remembered that 
the greatest stresses do not necessarily 
occur where the pressure angle is maxi- 
mum. In fact, it is quite possible that 
little or no load occurs at this position. 
Hence, the value of the maximum pres- 
sure angle does not always affect the 
design of the cam. 

The formula for the radius of curva- 
ture of the track at any position is im- 
portant first, in determining whether 
undercutting exists, and second, in de- 
termining the load transmitting capacity 
of the cam. To avoid undercutting the 
radius of the follower roll can be equal 
to, but in general should be less than, 
the shortest radius of curvature of the 
cam pitch surface when measured on the 
working surface side. The surface stress. 
and hence the load transmitting capacity 
of a cam, is a function of the radius of 
curvature of the track. 

Use of the velocity and acceleration 
formulas for determining the character 
of the motion has already been explained, 
but these formulas are also necessary 
for computing mass and load effects of 
cam-driven mechanisms. It is important 
to remember that the total load to which 
the cam is subjected is the sum of the 
transmitted and acceleration loads, and 
that oftentimes the acceleration com- 
ponent is as great or greater than the 
transmitted component. 

Determination of the load carrying 
capacity is as important in the design 
of cams as in any other machine element. 
though it is generally neglected. This 
value, as shown by the Hertz equation, 
is a function of the modulae of elasticity 
of the cam and the follower roll mate- 
rials, radii of curvature of the contacting 
surfaces, and width of contact, and can 
be expressed by a formula in which 
'» = Maximum safe wear load 
Wear load factor 
Effective width of contact 
Radius of curvature of cam at point 


where loading is being considered 
Radius of cam roll 


¥ CF 
we eS (1/R2) o) 
For information on the safe loading of 
cams, we are indebted to Earle Buck- 
ingham, Professor of Engineering Stand- 
ards, Massachusetts Institute of Tech- 
nology, and to G. J. Talbourdet, Research 
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Engineer, United Shoe Machinery Cor- 
poration, who are conducting extensive 
research to determine the relationship 
between the surface stress and life of a 
cam; or in terms of Equation (1), to 
find values of the wear load factor C 
which will insure a cam turning a prede- 
termined number of revolutions without 
failure. 

It appears from recent tests that at 
least under pure rolling contact, cast 
iron and bronze have surface wear en- 
durance limits, that is, the surfaces with- 
stand wear indefinitely if the compressive 
stress is below a certain value. Steels, 
on the contrary, do not have a definite 
surface wear endurance limit and sur- 
face failure may occur at any load. 

The C values or wear load factors 
shown in Table II, for cast iron and 
bronze materials are for computation of 
loads that insure the compressive stress 
being below the surface wear endurance 
limit. The factors for steel combina- 
tions, give C values for 300 million cy- 
cles. It should be understood, however, 
that these values apply only when pure 
rolling action exists between the cam 
and follower, since the resistance to wear 
decreases appreciably in proportion to 
the rate of sliding. 

When using the formulas presented in 
Tables I, III and IV, it should be noted 
that: 

1. In solving equations for the dece- 
Jeration half of the gravity and cube 
curves, the origin is changed to the fin- 
ishing end of the rise and values of a 
are assumed negative. 

2. In the off-set and swinging types 
of follower construction, conditions are 
noted when the angle e is either the sum 
or the difference of the angles a and y. 
If the conditions are such that € = a + 
y the equations for de/da, dR/de, d°R/ 
da’, and d’e/da® take the upper sign in 
the places where a plus and minus sign 
is given. If the conditions are the re- 
verse and ¢ = a — y these same equa- 
tions take the lower sign. 

3. The solution of equations for the ra- 
dius of curvature, for off-set and swing- 
ing follower constructions is tedious even 
with the aid of a calculating machine. 
It may be easier, for these types, to lay 
out the cam and measure the curvatures. 

4. The equations for the radius of curv- 


Table 1l—Wear Load Factors 








MATERIALS C 
NI aaa a a aa e aa a a a 1,000 
Hardened steel a O a a aaar iE i na E A 2,000 
SE ERT TET N 2,000 
Hardened steel and No.65 phosphor bronze... ............-.6 00.0000 eeeeeee eens 1,200 
Hardened steel and No. 6150 chrome vanadium steel (Heat treated to 310-330 BHN) 1,500 
hardened steel and pack hardened steel (0.060 in. minimum depth of case)... 6,000 
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ature give the radius of the pitch surface 
of the cam. The equations are to be 
used as presented when determining 
whether or not undercutting exists, but 
when used in the Hertz equation to de- 
termine the load carrying capacity of 
the cam the radius of the follower roll 
should be subtracted or added. 

The method of deriving the K values, 
used in the cube and gravity formulas 
when designing the combination cam, is 
of interest. 

Referring to Table I for cams having 
radial type followers, let 


K = Constant of cube base curve 

K, = Constant of gravity base curve 

a = Any angular displacement on cube 
curve from its origin 

a, = Any angular displacement on gravity 
curve from its origin 

p = Any angular displacement on com- 
bination cam 

L = Total rise of follower 

@ = Total angular displacement of com- 


bination cam rise follower distance L 


At point of joining, cube and gravity 
curves must be tangent. The formulas 
for velocities and accelerations are, there- 
fore, equated and solved simultaneously 
to obtain the relationship between a and 
a, at the junction. 


3 K wo? = 2 Kiwa 
6 Kowa = 2 Kia? 
From which is obtained a, = a/2, or 


the displacement on the cube curve from 
its origin is double that on the gravity 
curve at the point where the two are 
tangent. 

Proportioning the total angular dis- 
placement, as described, into 1/10 cube, 
3/10 gravity, and 1/10 gravity minus 
cube for each half of the total rise L 


I 8 /10 9 /20 
4 [re]”+[ne] 
pA ki 
0 Fia 6/ 20 
0 


From which AK = 25 L/3@ and K, = 5L/2é 
These constants may be used in place 
of 4L/6*, and 2L/@°, respectively in the 
cube and gravity formulas for analyzing 
the combination cam. 

It should be noted that when selecting 
angular increments on the combination 
cam, these angles must be measured 
from the origins of the cube and gravity 
curves before they can be used as a and 
a,, in their respective formulas. For 
example, for values of p from 0 to 6/10, 
a varies from 0 to 6/10; for values of 
p from 6/10 to 20/5, 2, varies from 6/20 
to 76/20; for values of p from 26/5 to 
6/2, a, varies from 70/20 to 90/20 and a 
varies from 0 to 0/10. 

It should be emphasized here that the 
author does not wish to give the impres- 
sion that the four types of base curves 
discussed are suitable to meet all cam 
designs. [Editors Note: Table IV will 
appear in the June issue. | 


Continued on next page 
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Table II—Cam With Offsefol 





















































































































































GRAVITY CuBE 
TYPE Unirorm VELOCITY 
ACCELERATION *  DECELERATION ACCELERATION 
I 
Y Ka Kae E a a Koa 
: L 2L 2L 4L 
P E E E e 
D D=T+L 
R VP +2 KTa + Ke Ve +2KTe+ Ket JME + DF — 2 DKo + Ko VE FIKI FK |w 
dR | KT + K*a 2 KTa + 2 Kæ 2Kèæ — 2 DKa 3 KTæ + 3 Kèo 
da R R R R 
de KM 2 MKa 2 MKa 3 MKeé 
da l+- l£- i l £- 
dR RK (T + Ka) 2 KTa + 2 K*a*) R (2 Ka? — 2 DKa) R (3 KTaæ + 3 K?a*) R 
Fog RKM R? + 2 MKa R? = 2 MKa R? + 3 MKæ 
ËR k?M 2K [R(T +3Ke?) —2Ke*(T+Ka?)"| | 2 K{R*(3Ko?—D) —2Ka*(Ke?—D)*| | 3Ka [R427 +5Ke*) —3Kai(T +k 
dè | ~~ R R? R? R? 
d?e — 2 KM (T + Ka) 2 MK [Rè — 4 Kæ (T + Kæ)) | _ 2 MK [Rè — 4 Ka (Kat — D)) | , 6 MKa [R — 3 Koi (T+, 6 
a ~~ Ri = Ri | Ri Ri 
T R + KM R? +2 MKa_ Rè F 2 MKa_ R +3 MKæ | 
me K (T + Ka) 2 Ka (T + Ka?) 2 Ka (Ko? — D) 3 Ko? (T + Ka’) 
| E i N 
for (&—y), #=90° — u— sin- — 
$ R Same Same Same 
for (a+y), = u + sin- —90° | 
| R | 
Velocity | ; 
of Kw 2 Kwa — 2 Kwa 3 Kwa 
Follower | 
Accel. | AS 
of œ and 0 | 2 Ka? — 2 Ka 6 K wa 
Follower | 





* Sign of a for “ Gravity ” and ** Cube "’ decelerations is negative 











| 
I 
a = Any angular position of cam to give rise Y to follower i 
6 = Total angular movement of cam to raise follower distance L : Radiu 
r = Radius of base circle | 
R = Radius vector of center of follower i 
e = Vectorial angle of radius R = a + y 
u = Angle between tangent to curve and R 
# = Pressure angle ` 
L = Rise of follower 
M = Offset of follower 
w = Angular velocity of cam 
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[m+ (28) 
€ 
Radius of curvature = - ¥ 2 
R -RẸ +e (35) 
d è ade 
dR d? e d e 2 ¢€ 
ët T^t n" T 
where = 3 
d è d R 
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NOTE: e 
1 Upstroke when offset to right and cam turns counterclockwise 
2 Upstroke when offset to left and cam turns clockwise 


3 Downstroke when offset to right and cam turns clockwise _ 
4 Downstroke when offset to left and cam turns counterclockwise 


a — y for 


€e =a + y for 

1 Upstroke when offset to right and cam turns clockwise _ 

2 Upstroke when offset to left and cam turns counterclockwise 

3 Downstroke when offset to right and cam turns counterclock- 
wise 

4 Downstroke when offset to left and cam turns clockwise 
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AUTOMATIC CONTROL OF FIXTURES ON MILLING MACHINE 
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MULTIPLE VALVES CONTROLLED 
BY SINGLE ROTATING CAM 


Fig. 1—Simple circuit automatically controlling 
clamping action of two fixtures on milling ma- 
chine. Four-way cam-operated control valves at- 
tached to the reciprocating table clamp work 
when roller passes over stationary cams, then 
release pressure when roller drops free. Spring 
returns valve to normal position. Accumulator 
holds supply of oil under pressure, permitting 
instantaneous action and use of smaller pump. 


Fig. 2—Multiple valves operated by a single ro- 
tating cam give sequence control over cylinders 
for successive operations. The operation of each 
individual cylinder circuit can be varied by 
using reducing valves, by-pass valves or feed 
control valves. 


Fig. 3—Arrangement of cam shaft and four- 
way cam-operated spring return valves to con- 
trol operation of an automatic drilling and 
forming machine. Cams are arranged on shaft 
to time operations, shaft being driven at con- 
stant speed by motorized speed reducer oF 
equivalent. One valve controls two hollow-cen- 
ter rotating cylinders which operate chucks 
for holding the work, another controls cylinder 
which moves two drill heads, other two valves 
each control one cylinder which feeds forming 
tools into and out of the work. 
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tilizing Cam-Operated Valves 
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MetHops of obtaining and 
timing various machine mo- 
tions by means of hydraulic 
circuits are shown in the ac- 
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companying diagrams. No par- <0u+—NE WY + Out > 
ticular emphasis has been S weldin SEN Fa Ganit 
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MULTIPLE VALVE CONTROLLING 
HYDRAULICALLY OPERATED GUNS 
ON WELDING MACHINE 


Fig. 4—Arrangement of multiple three-way valves 
for controlling hydraulically operated guns on a 
Progressive type welding machine. Pump fur- 
nishes pressure through control valves to indi- 
vidual welding guns and through latch type valve 
to fluid motor driving screw through bevel gears. 
Drive screw head carries two cams which swing 
in opposite directions. When movement is in one 
direction, one cam swings free while the other 
pushes valve plungers down, moving piston in 
hydraulic welding guns for making weld. At the 
end of travel, the release plunger strikes a latch 
on the four-way valve, reversing the fluid motor 
for return stroke. At the end of return travel, the 
cycle is automatically stopped for reloading parts. 


Fig. 5—Motor driven shaft has two cams for op- 
erating four-way, spring-returned valves which 
control combined staking machine and hydraulic 
press. A low holding pressure is needed on the 
press cylinder while high pressure and quick ac- 
tion is required for staking, hence two separate 
pumps are used with relief valves. 


Fig. 6—This automatic work-holding fixture is 
used with a double-end hydraulic machine for 
reaming piston pins at the rate of about 300 pins 
per hr. Shaft and cams which actuate three multi- 
ple four-way spring-returned valves are driven by 
rack and pinion. When starting valve is opened, 
pressure in small cylinder moves piston to which 
rack is attached. Needle valve on exhaust side of 
cylinder regulates speed of rack. Camshaft rota- 
tion causes valve to operate in proper sequence to 
operate cylinders for loading, locating, and clamp- 
ing. When rack reaches end of stroke indicating 
piece is held in position, it strikes a bar connected 
to valve which starts operation of plungers. Start- 
ing valve is automatically reversed by drill heads. 
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Some Observations on Chain Drive 


E. S. AULT, Professor of Machine Design 
Purdue University 


HE ARTICLE on “Chain Drive 

Calculations,” in the January issue 
of Propuct ENGINEERING is very provo- 
cative. It calls for a new analysis of 
chain forces from which we may be able 
to make some conclusions. After the dis- 
cussion in the March issue, it is now 
apparent that Mr. Bremer and the Editor 
correctly agree with Messrs. Binder and 
Bolz that the freely driven chain will not 
leave the pulley because of centrifugal 
force; thus the caption of Fig. 5 in the 
January issue is accepted as improper. 

It is stated that “the centrifugal tension 
is not developed until the chain has 
wrapped on the sprocket.” This is not 
true because centrifugal force acts upon 
the chain whenever the chain is not trav- 
eling in a straight path. Messrs. Binder 
and Bolz demonstrated that the centrif- 
ugal force is independent of the radius 
of curvature of the path. Mr. Bremer 
admits the presence of centrifugal tension 
in the slack side, as it is obvious that the 
slack side hangs in a curve. This centrif- 
ugal force puts a tensile load on the 
chain between the sprockets, whether the 
chain is held to the sprockets by the teeth 
or not. Admittedly, the active load on the 
slack side of the chain is negligible, but 
what of the tight side? Might it not be 
possible that the tight side also moves 
with a definite radius of curvature? In 
that case, the tight side would be subject 
to centrifugal tension as well as working 
tension. We know that the pull on a chain 
to make it straight against the pull of 
gravity would have to be infinite. 

Mr. Bremer can point to the successful 
transmission of power at high speed over 
a long period of time, but he partially 
explains that by the larger tooth num- 
bers, careful installation, and excellent 
lubrication. The factor of safety of 20 
used can conceal a large number of un- 
certainties. I believe that Mr. Bremer 
incorrectly infers from the paper of 
Messrs. Binder and Boltz that they dis- 
regard the effect of centrifugal tension on 
the tight strand. I understood that the 
same force was taken on the tight side in 
their two illustrations merely to give a 
common starting place for the analysis of 
forces around the sprocket with and with- 
out centrifugal force. They show that dis- 
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regarding the effect of centrifugal force 
around the sprocket, the tension on the 
slack side is negligible. When considering 
the effect of centrifugal force, however, 
they get the tension on the slack side, 7, 
equal to about 0.37 7,. The torque trans- 
mitted is then (7, — T.) R, where R is 
the pitch radius of the sprocket. Without 
centrifugal force the torque, M, = (T, 
— 0)R, whereas with centrifugal force, 





M, = (T, — T.)R = (T, — 0.37 T,)R 
= 0.63 T.R. Thus there is, for these fig- 
ures, a decrease of one-third in torque. 
This demonstrates that the effect of cen- 
trifugal force does reduce the capacity. 
The comments of the editor in the 
March issue concerning the effect of 
elongation do not seem valid to me. In 
the first place, if you do not admit of 
tension in the side plates CB (Binder 
and Bolz, Fig. 1) how can the load be 
transmitted through any but the first 
tooth of the driver and the last tooth of 
the driven sprocket? It is absolutely 
necessary to have tension in links CB 
and BA as well as a normal force from 
the sprocket tooth. A body acted upon 
by only two forces is not balanced unless 
the two forces are equal and directly 
opposed. The pressure angle between the 
tooth and roller is positive and the nor- 
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mal tooth force is not in line with the 
tensile force from link BA. The only 
other way in which a force can act upon 
the roller B is through link BC. An equi- 
librium polygon of these forces gives the 
values of these forces regardless of any 
elongation of the links. If chain pitches 
increase because of wear or elongation, 
the rollers ride out on the teeth at a 
greater radius, but the pressure angle 
between side plates and sprocket tooth 
is relatively unchanged. 

The pictures of the chain traveling at 
5,000 ft. per min. on the pulley and on 
the sprocket shown by Mr. Bremer are 
very fascinating. I have never seen any- 
thing like the circle taken by the un- 
restrained chain. Were the directions of 
rotation of the two photographs as shown 
the same? They appear to be of oppo- 
site sense. 

The illustration accompanying these 
comments was made from a photograph 
of a long chain rotating freely at a linear 
speed of about 450 ft. per min. This shows 
the peculiar action caused by the com- 
bined effects of inertia and friction forces 
that are not easy to evaluate. We have 
much to do yet to give an adequate 
quantitative explanation. 


Centrifugal Tensions in 
Transmission Chains 


To the Editor: 


The question of tensions induced by 
the centrifugal forces in transmission 
chains does not seem to be thoroughly 
understood. In dealing with centrifugal 
forces, attention has been confined to 





CENTRIFUGAL TENSION 


IN CHAIN CATENARIES 
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the arc of contact over the pulley or 
sprocket wheel. The free connecting 
strands have been ignored, perhaps be- 
cause their curvature as compared to 
that of the sprocket wheel appears to 
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be small and therefore the centrifugal 
forces are small. It can be shown by a 
simple analysis that the tension induced 
in the free strands by the centrifugal 
forces developed in the free strands them- 
selves is exactly as great as the tension 
induced by the centrifugal forces act- 
ing along the are of contact. 

In a chain transmission, the catenary 
formed by the strand of the driving side 
is flatter than that of the slack side be- 
cause of the effective force transmitted. 
Because of the curvature of the free 
strands, they will be subjected to centrif- 
ugal forces developed in the strands 
themselves. The centrifugal forces, in 
tending to distend the strands, will be 
met by the reaction of the resulting ten- 
sion, that is, the induced tension. 

The total tension T at any point in 
the catenary is made up of two distinct 
tensions, one of which T. is induced by 
the centrifugal forces, and the other T, 
by gravity. 

T=T,+T. 
T. equals wv’/g and is constant. 

The important facts are: The tension 
induced by the centrifugal forces de- 
veloped in the free strands themselves is 
uniform throughout the strands. It is 
independent of the proportions of the 
catenary, and hence, independent of 
other forces acting on the strands. The 
presence of the tension induced by the 
centrifugal forces does not affect the 
proportions of the catenary, provided 
there is no additional stretch. 

It can be readily shown that the ten- 
sion produced by centrifugal force act- 
ing on the portion of the chain at the 
arc of contact is also wv*/g, and that it is 
independent of the length of the arc of 
contact. 

In summarizing, it can be said that 
the tension induced by the centrifugal 
forces is uniform throughout the whole 
chain, and because of its absolute inde- 
pendence, this induced tension is addi- 
tive to other tensions already existing. 

No account was made in the foregoing 
of the stiffness of the chain, the moment 
of inertia of its cross-section, nor of the 
finite length and individual moments of 
inertia of the links of the chain. These 
effects are ordinarily secondary. 

The tension induced by the centrifugal 
forces being independent of the radius of 
curvature, while the centrifugal forces 
are themselves inversely proportional to 
that radius, it is difficult to visualize how 
the induced tension remains constant as 
the strands approach a straight line and 
the centrifugal forces tend to vanish. 
With the aid of the diagrams in the ac- 
companying illustration the constancy 
of the induced tension can be explained. 

Consider the portion AB, in Fig. A, of 
a strand subjected to its own centrifugal 
forces. Assume that the radius of curva- 
ture R is large and approximately con- 
stant throughout the portion AB. The 
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tangents to the strands at the points A 
and B will then make equal small angles 
6 with-a straight line through these 
points. If F is the resultant of all the 
elementary centrifugal forces, the com- 
ponents of the induced tensions T at the 
points A and B parallel to F must be 
of magnitude 14F in order to balance the 
resultant F. Since @ is small at A and 
B, F very nearly equals OT or 
T = F/2 0 

If the radius of curvature is doubled, as 
shown in Fig. B but the speed of the 
strand remains the same, the new angles 
8’ of the tangents at A and B will be by 
geometry half as great as the angles 6; 
that is #’=%0. The centrifugal forces 
being inversely proportional to the ra- 
dius of curvature, the new resultant F’ 
will be one-half of F; that is, =F. 
The components of the new tensions T’ 
at A and B parallel to F’ will be of mag- 
nitude YF’. Hence 


46 F’ =\44 F = 0’ T’ =4%6.T' 


from which 


T’ = F/2 0 
That is 7’=T. The induced tension has 
remained invariable. Carrying these 


steps further, it can be seen that as the 
radius of curvature is increased without 
limit, the centrifugal forces tend to zero, 
but the tension remains constant. The 
induced tension will exist, therefore, even 
when the free strands become straight. 

The formula for safe loads in trans- 
mission chains approved by the Amer- 
ican Standards Association is 


7 = 2:600,000A WV? 
~~ 600+V 115,900 
where A is the projected bearing pin 
area in sq.in., V is the speed in ft. per 
min. and W is the weight in lb. per 
linear ft. The second term on the right- 
hand side is the allowance for centrif- 
ugal tensions. With the speed expressed 
in ft. per sec., this term becomes wv*/g. 

It has been proposed recently to elim- 
inate the centrifugal allowance in this 
formula, on the erroneous assumption 
that the induced tensions that might 
arise in the free strands are unimportant. 
Furthermore, it is argued that the centrif- 
ugal forces developed along the arc of 
contact are completely overcome by the 
reaction of the sprocket teeth before 
they have an opportunity to induce ten- 
sions. Thus, there will be no induced 
tensions in the chain to consider. 

But whatever effects the reaction of 
the sprocket teeth might have along the 
arc of contact, the fact remains that the 
free strands develop a tension caused 
by the centrifugal forces in the strands 
themselves, independently of the forces 
acting along the are of contact. This 
tension, furthermore, is precisely that 
given by the second term on the right- 
hand side of the American Standards 







































Association formula, and this term must 
therefore be preserved. 

Because, as far as the centrifugally 
induced tension is concerned, the chain 
is indifferent to its path, being, so to 
speak, in equilibrium with itself through- 
out, that tension will not increase the 
load on the sprocket teeth. 

In considering fatigue, it must be 
remembered that the induced tension is 
a constant load, the fluctuating load be- 
ing only that incident to the transmission 
of torque. Therefore, induced tension has 
little influence over fatigue. 

J. J. PESQUEIRA 
New York, N. Y. 


Design Problem 
Involving Relative Motion 


To the Editor: 


In answer to C.W.H.’s problem in 
April Propuct ENGINEERING, in order 
to move equally toward the die center- 
line, the two 10 deg. wedges must move 
equally along their hypotenuses, say, 





A to B, in the figure, which must equal 
A,B,. This movement is obtained from a 
cross movement CB of the bar. Since the 
bar is rigid, CB must equal CB. 

Therefore, lay out the triangle, ABC. 
Make BC equai to any assumed move- 
ment of the cross bar. Draw BA at the 
wedge angle (10 deg.) and draw CA 
at the groove angle (45 deg.) From 
the resulting triangle, measure or cal- 
culate BA, the distance that the wedge 
moves. 

Then lay out the triangle A,B,C, 
making B,A, equal to BA, but place the 
wedge angle (10 deg.) on the opposite 
side of the center line to correspond 
with the die wedges. Make B,C, equal 
to the same assumed movement of the 
cross bar, that is, BC. Then connect 
C, and A, by a straight line. This tri- 
angle is not similar to triangle ABC. 
Angle C the desired angle of the groove 
in the lower wedge, may either be 
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measured or calculated from the known 
element of the triangle A,B,C;. It will 
not be 45 deg. 

Erect DA through A and perpendic- 
ular to BC. Do the same through 4,. 
Then each wedge will approach the 
center line a distance equal to BD 
(equals D,B,) which can also be 
measured or calculated from the figure. 
The total, 2BD, is the clamping move- 
ment. The velocity ratio is 2BD/BC. 
The force ratio, neglecting friction is 
BC/2BD. 

— FREDERICK FRANZ 
New Haven, Conn. 


Speed Reduction Unit? 
To the Editor: 


Several years ago I saw an article on 
a speed reduction unit made from a ball 
bearing, in which the outer race was 
held stationary. The inner race was 
fastened to the driving shaft, and the 
retainer that positioned the balls was 


Ball cage integral 
\ with driven shaft 





“- Stationary 


fixed to the driven shaft. The accompa- 
nying sketch shows the construction of 
the unit. Can you tell me who built this 
and where I can get information con- 
cerning this unit? 

M. J. N. 


California 
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_ Crankshaft 


Operating Data 


Crankshaft? is the 
driver 

Speeds range between 
800 and 1,000 r. p.m. 
Generally two throws 
to crankshaft with 
cranks diametrically 
opposite 


Section Through Crank Pin 





Let’s Settle This Moot Question 


To the Editor: 


We manufacture a line of machines of 
various sizes with connecting rods and 
cranks operating in a bath of light oil, 
all within a closed crankcase. 

For some time now there has been a 
highly controversial question in our 
plant as to the relative merits of various 
methods of grooving the connecting rods. 

Some maintain that the grooving 
should be toward A (Section K-K on 
sketch) for a direct oil flow from the 
dipper, and others hold that the groov- 


ing should be towards B because the 
crankpin is wiping the surface in that 
direction. Another point argued is 
whether drilling a hole at C would be of 
any appreciable value in the solution of 
this controversial question. 
—J. W. G. 
Los Angeles, Cal. 


Editors Note—Comments and opinions 
as to the relative merits of various 
methods of grooving the connecting rods 
are invited from our readers. 





Can You Work This One? . 


Solution to April problem— 


Share of Expense 


With the man who hired the team pay- 
ing $4.00 to drive to the city 12 miles 
distant and return, the passenger who 
was picked up at a crossroads 6 miles 
distant for the trip to the city and return 
to the crossroads would share in the 
expenses, in one of two ways. 

Figured on the basis of passenger- 
miles, the man who hired the team trav- 
eled a total distance of 24 miles and the 
passenger 12 miles. Total passenger 
miles, 36. Passenger’s share of the ex- 
pense would be 12/36 of $4.00 or $1.33. 
Now if we compute the passenger’s 
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proper share of the expense on the basis 
of wagon-miles we arrive at a different 
amount. The round trip of 24 miles 
cost the man who hired the team $4.00 
or $1.00 for each six miles traveled. As 
the passenger rode 12 miles he should 
equally share the expense and pay one- 
half the cost for this distance or $1.00. 


This month’s problem— 


Hat and River 


Along a straight stretch of a river, two 
stakes showed above the surface of the 
water. They were a mile apart and 
directly up-and-down stream from one 


another. A man in a canoe between the 
two, paddling upstream, making head- 
way against the current and so approach: 
ing the upstream stake. Just as he 
arrived at this stake, his hat blew off and 
went awash. The man realized his hat 
was very old, however well made. so he 
paddled on uninterruptedly upstream. 
At the end of ten minutes it occurred to 
him that the hat, however old, was very 
well made and could be rehabilitated. 
So he turned about and paddled down- 
stream after the hat which he overtook 
at the downstream stake. Assuming 
that the man paddled at a uniform 
speed, the problem is to determine the 
speed of the current in the river? 
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ews and Summaries 


Department of Justice Indicts 


Bausch & Lomb Optical Company 


Government charges contract with Carl Zeiss of Jena, Germany, has 
caused monopoly here on optical instruments for military purposes 


ECENT NEWSPAPER ARTICLES 

reported the indictment of Bausch 
& Lomb Optical Co., Rochester, N. Y., on 
charges of monopolizing the domestic 
market for optical military instruments. 
In its indictment, the Department of 
Justice charged that “by reason of a con- 
tract with Carl Zeiss of Jena, Germany, 
Bausch & Lomb has been prevented from 
supplying foreign governments with opti- 
cal gun-fire control instruments and fur- 
ther, that the contract has prevented Zeiss 
from supplying such instruments to the 
United States.” As a result, it is alleged 
that Bausch & Lomb has been able to 
charge unreasonably high prices for 
instruments sold to the United States 
government. 

In a statement issued by Bausch & 
Lomb Optical Co., concerning the indict- 
ments by the Department of Justice, it is 
pointed out that “its contractual relation- 
ship which began in 1921 called for 
royalty payments by Bausch & Lomb, in 
return for which they were entitled to 
receive from Zeiss, technical advice and 
assistance in connection with military 
instrument development work.” Bausch 
& Lomb also acquired an_ exclusive 
license to manufacture under all Zeiss 
military instrument patents in the United 
States.” 

“The purpose and effect of this con- 
tract,” Bausch & Lomb states, “is to 
place at the disposal of the United States 
government such Zeiss inventions as were 
useful in the development of the govern- 
ments optical military instrument pro- 
gram. The indictment charges that this 
has been a means of monopolizing the 
domestic market. 

Bausch & Lomb further states that “it 
has supplied military instruments to the 
United States government at prices 
based solely upon its own costs which 
are subject to no control under the Zeiss 
contract.” Furthermore the company 
claims that, “during the past ten years, 
the average net profit on military busi- 
ness has been less than 5 per cent. “Out- 
break of the war in Europe last year has 
tendered further performance by Zeiss 
impossible. The contract expires in 1941.” 
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Prices at which Bausch & Lomb has sup- 
plied military instruments to the govern- 
ment are claimed to “have been based 
solely upon its own costs and subject to 
no control under the Zeiss contract.” 

“We have made no secret of our Zeiss 
arrangements,” stated Bausch & Lomb. 
“The Navy Department was advised of the 
existence of the contract within a month 
after its execution. A copy of the con- 
tract was handed to the Department of 
Justice and became a public record when 
filed with the Securities and Exchange 
Commission in 1937.” 

“We have been informed by officials 
of the Navy Department,” Bausch & 
Lomb report, “that the technical informa- 
tion and assistance which the company 
has received from Zeiss over the years 
has been of great benefit to the Navy 
in the development of optical gun-fire 
control apparatus.” 


Photostat Service 
New Library Aid 


HOTOSTATS and microfilm copies 

of material contained in the 160,000 
volumes and periodicals on the shelves 
of the Engineering Societies Library, 
New York City, can now be obtained at 
cost, it was recently announced by Harri- 
son W. Craver, director of the library. 

This service considerably increases the 
availability of all the library material. 
For those wishing to photograph their 
own material, a photographic copying 
stand has been installed. 


Graph Standards 
Ready For Approval 
NEW PROPOSED STANDARD for 


engineering and scientific graphs is 
now being circulated for suggested 
changes before being submitted to the 
technical committee of the American 
Standards Association. 

The standard covers design and layout; 
construction of original graphs to be 
used for reproduction; and handling of 
finished illustrations. Many illustrations 


are contained in the proposed standards 
presentation. 

Work on uniform standards has been 
in progress since 1914. Originally under- 
taken by the American Society of Me- 
chanical Engineers in 1925, the work was 
taken over by the A.S.A. 

Copies of the proposed standard may 
be obtained from, and suggestions for 
changes sent to, the American Society of 
Mechanical Engineers, 29 West 39th St., 


New York City. 


Westinghouse Annual 
Forum To Be May 6-8 


DISCUSSION of new electrical fea- 

tures and applications available to 

solve problems of the machine tool 

builder will be a feature of the 1940 Ma- 

chine Tool Electrification Forum to be 

held May 6-8 at the Westinghouse Elec- 
tric & Mfg. Co., East Pittsburgh, Pa. 

An outline of electric drive and control 
for special purpose grinding machinery 
will be given by Roger S. Pyne, chief 
engineer of Van Norman Machine Tool 
Co. Problems of control, wiring and in- 
stallation will be discussed by D. K. 
Frost, electrical engineer, Mattison Ma- 
chine Works. 

Synchro-tie apparatus, the “electrical 
lineshaft” for keeping machine functions 
in step with each other, will be described 
in theory and actual applicaton. D. L. 
Hadley, Westinghouse consulting engi- 
neer, will demonstrate the principals of 
industrial design, applied to utilitarian 
motors and control apparatus. Many 
other subjects will be discussed. 


Actual Metal Strength 


Less Than Theoretical 
HILE SOME properties of metals 


can be calculated accurately on 
paper, the problem of tensile strength 
continues to baffle the scientist, Dr. 
Saul Dushman of the General Electric 
Research Laboratory said at a recent 
meeting of the Detroit Chapter of the 
American Society for Metals. The ulti- 
mate tensile strengths of metals, he ex- 
plained, are only one-tenth to one-hun- 
dredth of what theoretical calculations of 
the physicist say that they should be. 
“On the basis of the electronic theory 
of atomic structure and quantum me- 
chanics,” Dr. Dushman said, “it is pos- 
sible to account for the typical metallic 
properties such as electrical and thermal 
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conductivity, the occurrence of magnet- 
ism for some of the metals, and observa- 
tions on the relation between composi- 
tion and phase pattern for a number of 
alloys. 

“In the case of the alkali metals and 
copper it has been found possible to 
calculate heat of evaporation and com- 
pressibility from the known electron 
configurations of the atoms. 

“However, such ‘structure sensitive’ 
properties as tensile strength, rate of 
creep under stress, especially at higher 
temperatures, phenomena of recrystal- 
lization and age-hardening cannot be 
interpreted on any purely atomic basis. 

“It seems to be generally accepted that 
fine cracks or similar defects in crystal- 
line structure account for the discrepancy 
between observed and calculated tensile 


strengths. For instance, the ultimate 


tensile strength increases with decrease 
in size of wire, with decrease in grain 
size, and with increase in cold working. 


“The observations in which the metal- 
lurgist is interested are so varied and so 
extremely complex that progress towards 
a satisfactory explanation must neces- 
sarily be slow. We are dealing in nearly 
all cases with phenomena in which the 
energ; changes involved are relatively 
small, and to calculate them involves 
from the point of view of atomic struc- 
ture, a consideration of second and third- 
order perturbation effects. What we need 
at present is not so much a study of engi- 
neering materials as of pure metals and 
simple binary alloys.” 

Dr. Dushman listed cohesion and plas- 
tic deformation as the most important 
metallurgical problems. He said that 
tensile strengths of metals are not only 
considerably less than those calculated 
on a theoretical basis but that tensile 
strength and other cohesive properties 
may be varied over large ranges by vary- 
ing the composition, by heat-treatment, 
and by mechanical working. 
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Straightening rotor by heat treatment. À machined shaft or rotor is suspended 
in a standard lathe bed in a specially-built oven in which controlled heat is applied 
through strip heaters. Rotor is turned at 2 r.p.m. and temperature readings obtained 


with thermocouples. 


Sliding rods passed through the wall and riding against rotor 


indicate shaft deflection as temperature is increased. At a certain critical temperature, 
straightness is restored and is not affected by further temperature changes. Develop- 
ment won S. Homer Weaver, General Electric Company, the Charles A. Coffin award. 
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Metallic Vapor Lamps 
Newest Development 


OST INTERESTING characteristic 

of a new tellurium-vapor arc lamp, 
recently constructed by Dr. J. W: Mar- 
den, Dr. N. C. Beese and George Meister 
at Westinghouse Lamp Division research 
laboratories, Bloomfield, N. J., is its abil- 
ity to produce a continuous visible spec- 
trum of light almost identical with that 
of direct sunlight. This desirable “day- 
light” output is achieved at low operating 
temperature, low internal pressure, and 
low power input to the lamp, which is 
the converse of incandescent lamp 
behavior. 

Two other new lamps, employing the 
same fundamental principles as the tel- 
lurium lamp but having radically differ- 
ent characteristics, use zinc and cadmium 
vapors. Like mercury-vapor lamps, these 
light sources have most of their visible 
output concentrated into a few spectral 
lines. Although all three lamps are now 
little more than laboratory curiosities, 
they do represent scientific development. 


Do You Know That — 


A METHOD HAS BEEN FOUND of detect- 
ing radio waves emitted by atoms and 
molecules. These waves are in the short- 
wave band, but you can’t get them with 
your set. (9) 


GRINDING WHEEL DRUMS are now being 
made with an inflated rubber inner tube 
to hold the abrasive band in place. Finer 
finishes, with less danger of tearing the 
work or putting excessive wear on the 
abrasive bands are promised. (10) 


NEW STYLE GAS TANKS are flexible bags 
of airplane cloth impregnated with neo- 
prene and are contained in light-weight 
frames which fit into the wings, pontoons 
or other parts of the plane. Many advan- 
tages are claimed such as easy repair by 
simple patches and cement; easy re- 
moval and replacement; greater fuel ca- 
pacity and elimination of corrosion. (11) 


Meetings 


AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS—Spring Meeting Hotel Ban- 
croft, Worcester, Mass. May 1-3. C. E. 
Davies, secretary, 29 W. 39th St., New 
York, N. Y. 


AMERICAN Society OF MECHANICAL 
ENcINEERS—Semi-annual meeting, Hotel 
Pfister, Milwaukee, Wis., June 17-20. 
C. E. Davies, secretary, 29 W. 39th St. 
New York, N. Y. 
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Potentiometer 
Recording Controller 


New series of potentiometer recording 
controllers, incorporate an improved de- 
tecting mechanism, a new integral re- 
cording and control mechanism, and a 
new control system to provide maximum 
flexibility of use. Open-and-shut action 





or throttling action, with or without auto- 
matic reset, is available in air-operated 
models. 

To obtain a more sensitive detecting 
mechanism than that required for record- 
ing, a single, calibrated detecting cam is 
used which will sense deflections of the 
galvanometer pointer of less than 0.0001 
in. without lost motion. By positioning 
a friction roller, the cam positively de- 
termines the movement of the integral 
slide-wire contact recording and control 
actuating carriage. Coordination of 
measuring, recording and controlling 
operations is achieved by an integral 
recording and control mechanism. The 
slide-wire contact, recording pen and 
cam follower actuating the control cam 
are assembled as a unit on the same 
rigid carriage. Guaranteed accuracy is 
% of 1 per cent of scale range. The 
Foxboro Co., Foxboro, Mass. 


Flame-Hardening Process 


Known as the Vertical Combination 
Method, has been developed with which 
it is possible to raise the hardness of 
65-70 carbon steel cylindrical objects 
to approximately 90 or better on the Type 
“C” Scleroscope. The process has also 
been tested in hardening a special dry 
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sand alloy cast iron with which an aver- 
age hardness of 80 on the Type “C” 
Scleroscope has been obtained. It is 
claimed that rolls which have been flame- 
hardened by this method show no meas- 
urable distortion. Overlap from the flame 
is eliminated because the process is con- 
tinuous, using a large number of flame 
tips which are followed immediately by 
a water spray quench. The process is 
suitable for rubber engraving rolls, em- 
bossing rolls, calender rolls under cer- 
tain conditions, and types of mandrels 
where excessive pressure or wear must 
be taken into consideration. Farrel-Bir- 
mingham Co., Inc., Ansonia, Conn. 


Synchronous Motor Control 


Synchronous motor control featuring 
the slip-cycle impedance SCI relay. De- 
vice allows accurate control of synchro- 
nizing speed, so that field cannot be 
applied until the motor has reached a 
speed at which it can synchronize its 





load. Current and torque fluctuations 
are avoided. When motor reaches cor- 
rect speed, control selects an instant of 
favorable angular-relation of stator and 
rotor poles at which to apply field to 
take advantage of the inherent synchro- 
nizing ability of the motor. The SCI 
relay also prevents pulsations in case 


of motor pull-out by disconnecting the 
power or field if automatic resynchro- 
nization is desired. Protection of the 
squirrel-cage winding during starting 
and the stator winding during running 
is provided by separate relays. Avail- 
able for control of all ratings of syn- 
chronous motors in magnetic or semi- 
magnetic forms for full voltage, reduced- 
voltage, or part-winding starting. Gen- 
eral Electric Co., Schenectady, N. Y. 


Clear Print Inks 


Fast drying inks which are claimed 
to be non-fading and non-reflecting for 
use in marking or stamping lacquered, 
varnished, and glazed papers and metals. 
This ink will also stamp on film, foil 
and other cellulose acetate materials 
with non-absorbent surfaces. Silk fab- 
rics for typewriter ribbons are also avail- 
able which have been impregnated with 
the ink for typing on film, foil, tracing 
cloth and paper. The pads to ink the 
rubber stamps are chemically treated 
Balsa wood blocks. The surface of the 
pad is kept inked to the proper degree 
by capillary action, thus insuring even 
inking of the base of the type. Phillips 
Process Co., Rochester, N. Y. 


“Valv-Amp” Rotor 


New type rotor construction makes 
possible the use of cast-aluminum rotors 
in the larger sizes of double-squirrel- 
cage motors for high-starting-torque, low 
starting-current service. “Valv-amp” 
rotor has a unique shape of rotor slot 
and utilizes a special method of assem- 
blying rotor punchings to control the 
flow of starting current. As a result, 
without the use of a switch or other mov- 
ing parts, current is permitted to flow in 
the outer squirrel-cage when the motor 






























































is started and thus produce high-start- 
ing torque. When the motor comes up 
to speed, current is allowed to flow 
through the entire rotor “winding”, re- 
sulting in good running characteristics. 
General Electric Co., Schenectady, N. Y. 


Aircraft Control 
Bearings 


Ball and roller bearings for aircraft 
having a full complement of balls or 


rollers enclosed with corrosion-resisting 
metal plates, or felt seals. to conform to 
\N specifications. These bearings, or 





their assemblies, are used as hinge bear- 
ings on control surfaces, leverage mech- 
anisms in the control surface or engine 
control systems and in control pulleys in 
order to provide a sensitive and positive 
control system with a minimum of fric- 
tion as required by the high speeds, 
heavy wing loadings and increased 
maneuverability of modern military and 
commercial airplanes. SKF Industries, 
Inc., Philadelphia. Pa. 


Air Transformer 
For Spraying Equipment 


Recently announced a new air trans- 
former, type HLC, has increased cap- 
acity, improved filtering facilities and 
more sensitive regulation and control of 
pressure. The transformer handles in 
excess of 50 cu.ft. of air per -min., with 
a minimum of pressure drop and will 
pass ample air for two production spray 
guns in continuous and simultaneous 
operation or for three spray guns in 
ordinary intermittent operation. Con- 
structional features include a synthetic 
rubber regulator diaphragm, improved 
operating mechanism and a conveniently 
located regulator knob. A large con- 
densing chamber permits air expansion 
and condensation of moisture. Further 
effectiveness in air cleansing is accom- 
plished by an improved baffle arrange- 
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ment. A new metal filter, wholly 
mechanical, eliminates the old-fashioned 
cotton waste pack and the necessity of 
its repeated removal and replacement. 
Inclosed pressure gages and a die-cast 
body complete the transformer. The 
cylinder is chromium plated and highly 
polished. De Vilbiss Co.. Toledo, Ohio. 


Toggle Switch 


Switch is provided on sides with strong 
springs so that it can be snapped into 
or easily removed from a control panel. 
A rectangular hole in equipment is all 
that is needed for assembly. The switch 
has positive action silver contacts to 
make and break current. The switch 
is a single pole on-and-off design, in- 








tended to control warming ovens and 
electric ranges, to control the range 
light, and for radio control panels. The 
switch may be furnished in either black 
or white plastic shell and handles. The 
Hart Mfg. Co., Hartford, Conn, 


Large Size 
Explosion-Proof Motors 


In Class I Group explosion-proof mo 
tors, approved by the National Board 
of Fire Underwriters, ratings have been 
increased from 25 to 75 hp., while in 
Class II Group G ratings have been 
increased from 74 to 75 hp. The larger 
motors are of shell type frame construc- 
tion and have a specially designed fan 
quiet at high speeds. Motors are fitted 
with a new larger terminal box. The 
fan-end inner-end bell and the outer 
fan cover brackets are held in place 
with a simplified-type combination screw 
which eliminates one set of holding 





screws and supplies rigid mounting for 
the fan cover and bracket as well as 
facilitating the assembly or disassem- 
bly of the motor. U. S. Electrical Mo- 
tors, Inc., Department 112, 80—34th 
St., Brooklyn, N. Y. 


Variable-Speed Transmission 


With Safety Control 


Special transmission developed to reg- 
ulate stoker speeds for feeding fuel at 
rates that maintain automatically boiler 
pressure setting. A slight deviation of 
boiler pressure will result in a movement 
of the pressure control connected to the 
safety lever on the transmission. While 
the lever follows any rapid motion of 
the controlling device, speeds are ad- 
justed only at a safe controlling rate 
of acceleration, as speed is changed 
gradually by spring action. Control 
lever does not operate the transmission 
directly. The boiler control may move 
the lever over as much as 90 deg., placing 
a tension on the springs. Springs in 
turn move the shifting mechanism in the 
transmission to increase or decrease the 
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speed of the variable shaft. Lewellen 
Manufacturing Company, 1030 E. 10th 
St., Columbus, Indiana. 


Pneumatic Industrial 
Caster Tire 


Designed for use on a swivel caster 
unit on industrial trucks, this new pneu- 
matic tire comes in 10-in. and 12-in. six 
ply and has a smooth, narrow tread. 
Previous efforts to develop a pneumatic 
tire for a caster unit had failed because 
of the wiping action caused by the com- 
paratively large area of rubber in con- 
tact with the floor surface, this condition 





preventing the caster wheels from turn- 
ing easily and smoothly. General Tire & 
Rubber Company, Akron, Ohio. 


Fractional Horsepower 
Motor 


Ball bearing and self-aligning sleeve 
bearing shaded-pole motors, with high 
locked rotor and accelerating torque, 
differ from most fractional hp. motors 
in that the mechanical system does not 
depend on the stator for alignment. This 
is accomplished by means of die cast 
end frames with a spacer shell held in 
compression by means of through bolts. 
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This design permits a recess in the end 
frame for the spacer shell and a second 
recess which positions and locates the 
stator. The ball bearing motors will 
operate in any position and will with- 
stand substantial end thrust. Power out- 
put ranges from 3 to 15 watts. The mo- 
tors are of four-pole design with top 
speed of 1.600 r.p.m. Russell Electric 
Co., 340 W. Huron St., Chicago, Til. 


Grinder Blades Faced With 
Wear Resisting Alloy 


Centerless grinder rests for any type 
of machine or grinding operation faced 
with a tough. slow wearing alloy. The 
hard facing Tantung, is composed of 
hard particles of tantalum and tungsten 
carbide uniformly distributed and em- 
bedded in a strong. tough matrix. The 
Tantung facing. made in bar form, is 
affixed to the steel supports by a special 





brazing process. Complete blades are 
manufactured to specification, Tantung 
facing can also be applied to existing or 
worn-out blades. Fansteel Metallurgical 
Corp.. North Chicago, Ill. 


High Speed Air Valve 
For Welding Guns 


Solenoid-operated air valve, built for 
high-speed operation of welding guns, 





has been announced. Valve is now regu- 
larly delivering 400 welds a minute on 
production jobs. Ross Operating Valve 


Co., Detroit, Mich. 


Anti Acid Enamels 


Unaffected by acids, fumes, alkalis. 
gases and other destructive chemicals. 
“Devilac” enamel, type 9N9, is air-dry- 
ing, applicable by brush or spray gun 
and will not be affected by commercial 
concentrated Sulphuric, Nitric, Hydro- 
chloric, Hydrofluoric acids, alkalis and 
gases. Other types are available for 
particular requirements. Rogear Co.. 
11 Water St.. New York City. 


Rotary Pumps 


New line of rotary pumps contain over 
7,000 different units including pumps 
of 1, 3, 5, 10, 15, 20, 35, 50, 75, 100, 150. 
200, 300, 500, 750 and 1000 g.p.m. cap- 
acities at speeds up to 1,800 r.p.m. and 
against pressures up to 1,000 |b. per sq. 
in. Twenty-one different drives and 
mountings are available ranging from 
ordinary foot. hub and flange mount- 
ing heads to complete bedplate units 
for direct motor drive; gear reduction: 
flat or V-belt drive. Other features in- 
clude choice of spiral, spur or herring- 
bone gears; conventional packing box, 





spring-loaded packing box or mechan- 
ical seal: sleeve or roller bearings: 
built-in or external relief valve; and 
eight different piping arrangements. 
Geo. D. Roper Corp., Rockford, Ill. 


Solderless Connector 


A new solderless connector will take 
from No. 14 to No. 4 wire. It is free to 
rotate around the screw, thus allowing 
wire to be inserted from almost any 
angle, important where large wires are 
used in a limited space. The unusual 
range in wire size permits the use of 
large wires for service drops to small 30 
or 60 ampere switches. Connector is 
self-centering. there is no need to wind 
the wire around the stud or to separate 
stranded conductors. As the screw is 
tightened. the lug is forced to one side 
and the wire is gripped tightly. When 
the tightening is completed, the screw 
exerts pressure against the wire on one 
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side and the lug on the other side, thus 
bending of the screw is prevented. 
Square D Co., Detroit, Mich. 


Handy Three-Piece 
Ink Stand 


For filling ruling pens. Stand consists 
of three parts: a stand which holds the 
regulation 34 oz. bottle of ink; a dipper 
arm which closes the bottle when not 





in use; and a finger-touch lever which 
raises a filling loop on the end of the 
arm. A rubber stopper on the dipper 
arm seals the bottle against evaporation. 
Filling loop may be lowered or raised 
according to the level of ink in the bottle 
or to the amount of deposit desired. 
Stand is non-tippable and may be 
screwed to the drawing board. A pat- 
ented device locks bottle tightly when 
not in use. Eugene Dietzgen Company. 
Chicago, Illinois. 


Micro Switch 
with Roller Actuator 


Model LK-2, a new precision limit 
switch for actuation by rotating or slid- 
ing cams, has a roller actuator adjust- 
able through an arc of 225 deg. Switch- 
ing element contained in the steel hous- 
ing is a single-pole micro-switch with 
normally open, normally closed, double- 
threw contact arrangements. Movement 
differential at the roller is 0.002 in., pre- 
travel is one deg., overtravel is 20 deg., 
and operating pressure is less than 1.8 
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lb. Interchangeability is possible be- 
cause operating point is held within plus 
or minus 0.002 in. with relation to mount- 
ing dowels. Switch is resistant to oil 





and water, has a life of over a million 
operations, and is underwriters’ listed, 
H.E.P.C. approved. Rated at 4% hp. up 
to 460 volts a.c. Micro Switch Corp.. 
Freeport, Ill. 


Three-W ire Unicord 


Plug is rubber molded directly to 
three-wire rubber range cable. Attach- 
ment plug has prongs which form an 











inverted pyramid. A new cord makes 
possible to connect electric ranges at 
terminal blocks near the floor line t» 
outlets with a single smooth bend in the 
conductors. This new G-E range Unicord 
line is available with two No. 8 and one 
No. 8 conductors, or with two No. 6 and 
one No. 8 conductors. General Electric 
Co., Bridgeport, Conn. 













































Packless 
Diaphragm Valve 


Balancing action assures positive 
valve opening under all pressure condi- 
tions. Recommended for refrigeration 
gases, cooking and heating gases, gas 
line and other fluids which are danger- 
ous and difficult to handle. Diaphragms 





furnish a hermetic seal whether the valve 
is open or closed. An equalizing or bal- 
ancing action allows the use of a lighter 
spring to lift the stem from the valve 
seat when the handwheel is turned to 
the open position. Handwheels are oval 
in shape, affording a natural gripping 
surface. Made in all standard types, 
2-way, 3-way and angle. Size ranges for 
flare fittings, 14 to 5@-in.; solder con- 
nections, 144 O.D. to 14 O.D.; and male 
pipe thread 14 to l-in. Henry Valve Co., 
1001-19 N. Spaulding Ave., Chicago. 


Capacitor Motor 


Designated as a capacitor motor, it can 
be supplied with three different windings 
synchronous capacitor, non-synchronous 
capacitor, and dynamic breaking capac- 
ity. Principal use is on devices designed 
for continuous operation. Standard rat- 
ings at 60 cycles are, respectively, 1/1,500 ) 
hp. at 1,800 r.p.m.; 1/1,000 hp. at 1,700 | 
r.p.m.; and 1/1,500 hp. at 1,200 r.p.m. | 
Motor input is 8 watts or less. Standard 


windings are for 110 volts, a.c., motors 












wound for lower voltages can be built i 
on order. This new motor (type K) is ] 
small and weighs less than 11% lb. Bo- l 
dine Electric Co., 2260 W. Ohio St. 
Chicago. i 
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Design This Day 


WALTER Dorwin TEAGUE—284 pages, 
634x914 in., plus 128 pages of illustra- 
tions. Clothboard covers. Published by 
Harcourt, Brace and Company, 383 Mad- 
ison Ave., New York, N. Y. Price $6. 


In the first two chapters of the book 
the author presents a highly interesting 
picture of man’s progress from savagery 
to the present and discusses the forces 
now at work to bring about a new world, 
in spite of present conditions. Without 
wasting words, Mr. Teague convincingly 
shows that neither armed might nor so- 
called social planning can solve the 
problems of today but that humanity 
must look more and more to science and 
technology for the means to enable man 
to adjust himself to the upheavals cre- 
ated by the machine age. The alliance 
between science and industry is the most 
potent force yet seen in the continued 
advancement of human welfare. 

The last fifteen chapters deal main- 
ly with the fundamental factors that 
affect beauty. Although several of these 
chapters contain definite mathematical 
rules of design, the purpose of the au- 
thor is evidently to present a philosophy 
of design rather than rules. In this 
he succeeded admirably. His numerous 
brief historical references, his short dis- 
cussions of the present state of design, 
and his comments on present art and 
living make this book highly interesting, 
instructive and well worth reading. It 
is an excellent companion to Harold 
Van Doren’s book, “Industrial Design,” 
which was reviewed in our April number. 


The Pageant of Electricity 


ALFRED P. Morcan—363 pages, illus- 
trated, 5⁄2 x 8 in. Blue clothboard 
covers. Published by D. Appleton-Cen- 


tury Co., Inc., 35 W. 32nd St., New York, 
N.Y. Price $3.50. 


In this book is presented in interesting 
narrative form the development of elec- 
trical science from its beginnings with 
the Greek philosopher Thales in 600 
B.C. down to the present day. Roger 
Bacon, Galvani, Volta, Oersted, Faraday., 
Morse, Edison, Bell, Pupin and Marconi 
are among the electrical pioneers whose 
life and works are covered in excellent 
literary style. The book also includes the 
story of the development of electricity 


Into its dominating industrial applica- 
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tions; telegraph, telephone, power gen- 
eration, radio, transportation and electro- 
chemistry. 

No attempt is made to go into the intri- 
cacies of electrical phenomena; technical 
explanations are given in connection with 
illustrations and are not a part of the 
narrative. A chronological table and 
comprehensive index complete this valu- 
able historical reference text. 


Chemicals of Commerce 


Foster D. SNELL and CorneLIA T. 
SNELL——542 pages, 52x82 in. Black 
fabricoid covers. Published by D. Van 
Nostrand Company, Inc., 250 Fourth 
Ave., New York, N. Y. Price $5. 


This volume has been prepared to fill 
the need for a source of information on 
the composition of commercial products. 
It is not a chemical dictionary. The term 
chemical is used with a very broad mean- 
ing and is intended to cover basic mate- 
rials; in many instances these are more 
or less pure chemical compounds, in 
others they are mixtures containing sev- 
eral ingredients. 

The book gives in brief concise form 
the salient facts about any class of ma- 
terials. Classification is by type of com- 
pound, so that closely related substances 
occur in the same chapter. Each chap- 
ter starts with a discussion which gives 
the reader the general background and 
chemical nature of that particular group 
of substances. 


Cast Metals Handbook 


1940 Epition—532 pages, 6x9 in. 
Brown clothboard covers. Published by 
American Foundrymen’s Association, 
222 W. Adams St., Chicago. Price $5. 


This 1940 edition records much of the 
progress made in the field of design, 
manufacture and application of cast 
metals and castings since the publication 
of the 1935 edition. The data and in- 
formation contained in the first edition 
has been thoroughly revised and expand- 
ed to bring the Handbook up to date. 

Under sections devoted to cast steel. 
malleable iron, non-ferrous alloys and 
cast iron are presented data and infor- 
mation covering design, physical testing, 
metallurgy, manufacture, specifications 
and applications of metals in the respec- 


tive groups. Many illustrations and 
tables are used throughout the book to 
supplement the text. 

Engineers who design or specify metal 
castings in their products will find this 
book a valuable asset. Itis an extremely 
practical book, written by a group of 
men who are actively associated with the 
foundry and its technique. 


Retainer, Bearing, Lock and Snap Rings 


Engineering Data Book, No. 40—40 pages, 
8łxll in. Paper covers with coiled wire 
hinge. Published by Eaton Manufacturing 
Company, Reliance Spring Washer Division, 
Massilon, Ohio. 


Contains technical detailed information 
of value and interest to engineering design- 
ers who specify steel rings as parts in me- 
chanical products or who are concerned with 
the application and performance of steel 
rings of various types. 

The engineering data presented deals with 
steel wire sections, design and shape of end 
cuts, permanent set, elastic limit, Rockwell 
hardness, frictional thrust resistance, uni- 
formity of heat-treatment, groove fit and in- 
stallation. The section on snap ring stresses 
is especially valuable. Tabular matter deals 
with material specifications, ring types, in- 
stallation and dimensional tolerances. The 
book is amply illustrated with halftones and 
numerous line cuts to supplement text. 


The Fabrication of U.S.S. Stainless Steels 


Book, 92 pages, 6x9 in., stiff covers. Pub- 
lished by Carnegie-lllinois Corporation, 
Pittsburgh, Pa. Price $1. 


Discusses the technical and practical as- 
pects of stainless steel fabrication. Part 
I is devoted to welding, riveting, soldering 
and joint design. Part II deals with ma- 
chining, cutting, forming, annealing and 
pickling operations with recommendations 
as to equipment and temperatures. Part 
III discusses surface finishing and protec- 
tion, standard mill finishes and the opera- 
tions involved in securing the desired 
finish. Corrosion data, physical and mechan- 
ical properties are included with many valu- 
able and practical notations as to abrasion 
resistance, cold forming and welding. 


Arc-Welding Award Program 


Brochure, 48 pages, 84x11 in. Published 
by the James F. Lincoln Arc Welding Foun- 
dation., Cleveland, Ohio. 


Titled, “The $200,000 Industrial Progress 
Award Program”, the brochure announces 
the purpose of the Progress Program, indi- 
cates the wide scope of the program and 
lists the 12 classifications and 46 divisions 
which cover every branch of the industrial 
field. This award program sponsored by 
the James F. Lincoln Arc Welding Founda- 
tion offers 458 awards totaling $200,000. 
About half the publication is devoted to 
listings and illustrations of typical subjects 
for study in the divisions of the program. 
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Manufacturers’ Publications 








Materials 


ALLOY STEEL—Jessop Steel Co., Washing- 
ton, Pa. Booklet, 8 pages, 5x714 in. De- 
scrıption, application, working data and an- 
alysis of “Truform,” an oil hardening, non- 
shrinkable alloy tool steel. 


SoLDERING FLuUxeEs—American Chemical 
Paint Co., Ambler, Pa. Bulletin No. 5, four 
pages 4x84 in. This folder tells in brief but 
complete fashion the properties and appli- 
cations of four soldering fluxes. On the last 
page are short descriptions of ten repre- 
sentative products of the company. 


SteeL—Republic Steel Corp., Cleveland, 
Ohio. Forty pages 83x11 in. Gives complete 
information on “Republic Double Strength 
Steel”, a high tensile, low alloy product. 
Many interesting pictures, combined with 
complete engineering data and performance 
records make the book of worthwhile inter- 
est to designers, engineers and fabricators 
interested in this type steel. 


TenttE—Tennessee Eastman Products, 
10 E. 40th St.. New York, N. Y. Catalogs 
for the engineer. Three new books form a 
good reference library on this thermoplastic 
molding composition. One contains a general 
description of the properties and uses of 
the plastic. Another is a 40-page technical 
handbook on the methods employed in 
molding Tenite articles. The third gives 
specific data on the physical properties of 
Tenite for the formulas and flows regu- 
larly supplied. 


Mechanical Parts 


Batt Beartncs—Norma-Hoffmann Bear- 
ings Corp., Stamford, Conn. Data sheet. Di- 
mensions and other engineering information 
on diminutive size precision ball bearings 
with retainers for very small shafts. 


Bearincs—New Departure Division, Gen- 
eral Motors Sales Corp., Bristol, Conn., 110 
pages, 5x8} in. “Why Anti-Friction Bear- 
ings”, a discussion of the fundamental rea- 
sons responsible for the increased use of 
modern rolling bearings, each chapter sepa- 
rates and highlights some of the more perti- 
nent facts. 


Bronze — Johnson Bronze Co., New 
Castle, Pa. General Catalog No. 400, 76 
pages, 8łxll in. Over 800 sizes of plain 
bearings are listed and described with 
more than 350 listings of bronze bars. 
Many new numbers added to the electric 
motor bearing section. 


Gas Encine—Le Roi Co., Milwaukee, Wis. 
Bulletin 71, six pages, 84x11 in. Describes 
the constructional features and gives full 
data and specifications on the new model 
D71 air cooled engine. Two pages of draw- 
ings and diagrams show the various power 
take offs and fuel tanks available. 
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Pittow BLock—Dodge Mfg. Corp., Misha- 
waka, Ind. Bulletin A-325, 18 pages, 84x11 
in. Complete information on the new Dodge- 
Timken double interlock pillow block. In 
addition the bulletin contains tables for 
easy selection of bearings to meet any con- 
dition of service. 


SMALL GASOLINE Encines—The Jacobsen 
Mfg. Co., Racine, Wis. Four-page 83x11 in. 
bulletin. Describing the air-cooled gasoline 
engines of 34 and 1 hp. manufactured by 
this company. The folder contains com- 
plete specifications for the engines and 
illustrates some typical applications. 


ViprATion Controt—The Korfund Co., 
Inc., Long Island City, N. Y. Catalog No. 
Ba. Describing spring suspension of con- 
crete foundations by the use of Korfund 
Vibro-isolators type U, SP and O including 
photographs of typical installations and a 
description of the installation procedure. 


Electrical Parts 


Fans—Emerson Mfg. Co., St. Louis, Mo. 
Twenty-three pages, 84x11 in. Catalog lists 
nearly 100 types including desk and stand 
fans, air circulators, ceiling fans, exhaust 
and ventilating fans. Illustrations, descrip- 
tions, detail construction features, perform- 
ance and list prices are given for all models. 


HEATING EqourpmMent—General Electric 
Co., Schenectady, N. Y. Four-page bulletin 
GEA-214D “Calrod” immersion 
heaters for water and oil. Four-page bul- 
letin GEA-1157C covers strip heaters. Ther- 
mostats for use with Midget heating units 
is the subject of four-page bulletin GEA- 
1265D. An eight-page bulletin, GEA-2592-A, 
gives complete information on unit heaters 
of the forced and natural-convection types. 
Single page bulletin GEA-104B contains 
diagrams, specifications and description of 
catridge-type heating units. 


discusses 


Lamp Receptacte—American Phenolic 
Corp., Chicago. House Organ, 4 pages, Feb- 
ruary issue. Details on a new precision re- 
ceptacle for prefocused lamps used in home 
and commercial movie projectors, flood- 
lights, searchlights, airplane landing lights. 
Receptacle is rated at 1000 watts. 


MacneTtIC Swircu—General Electric Co., 
Schenectady, N. Y. Catalog insert, single 
sheet GEA-1184D. Description, specifications 
and features of a-c magnetic motor starting 
switch CR7006-D30B for squirrel-cage motors 
or as primary switch for wound-rotors. 


Mortors—General Electric Co., Schenec- 
tady, N. Y. Six-page bulletin GEA-1412B 
covers vertical solid-shaft induction motors. 
Four-page bulletin GEA-1368D contains in- 
formation on the construction features and 
uses of vertical hollow-shaft induction 


motors. Single page bulletin GEA-3223 


gives complete data on type KC single p iase 
vertical motors. Constructional features 
outlined and completely illustrated. 


Reversinc PLaner Drive—General lec. 
tric Co., Schenectady, N. Y. Bulletin. six 
pages, 844x1l in. Contains complete in- 
formation on variable-voltage 
planer equipment covering specifically: ad- 
vantages; complete list of eqùipment: de- 
scriptions and photographs; how the drive 
operates and how it is rated. 


reversing 


Fabrication Methods 


Die CastiNG—New Jersey Zinc Co.. 160 
Front St., New York, N. Y. Booklet, 35 
pages, 6x9 in. Titled, “Designing for Die 
Casting,” this booklet consists of a series of 
illustrated notes to serve as an aid to design 
engineers towards economical and more 
eficient production by die casting. A final 
page gives full data on the properties of the 
firm’s die cast alloys. 


PLastics Fasrication—Carbide & Chem- 
icals Corp., 30 East 42nd St., New York 
City. Booklet, 18 pages, 844x111 in. De. 
tailed recommendations on how to machine 
and: fabricate “Vinylite” resins by common 
woodworking and metal working methods. 
Best methods of machining, drilling, sawing, 
tapping and threading, grinding and polish- 
ing are given. 


SPRINGS, STampincs, AsseEMBLY—Hunter 
Pressed Steel Co., Lansdale, Pa. Eight- 
page folder, 4x9 in. Describes types and 
forms of springs and stampings available 
and assembly work offered to mechanical 
and electrical device manufacturers. Pho- 
tographs of the services available complete 
the folder. 


Tuse FABRICATING EQUIPMENT — Parker 
Appliance Co., 17325 Euclid Ave., Cleve- 
land, Ohio. Bulletin No. 40E, 34 pages, 
8l4xll in. Although major part of bulletin 
is devoted to tube benders, a page is given 
over to fabrication of steel tubing and two 
pages to dual heat transfer coils. Instruc- 
tions on correct flaring of tubes, flaring tools 
and fabricating tools complete the bulletin. 


Wire STITCHER—Niagara Falls Wire 
Stitchers, Inc., Niagara Falls, N. Y. Eight- 
page folder, 844x11 in. Features of the ma- 
chine, its operation and the materials and 
fields it may be used in are discussed fully 
in this folder. Illustrations of the machine 
and its parts make the folder most complete. 


Finishes 


LUMETRON PHOTO-ELECTRIC COLORIMETER 

Photovolt Corp., 10 E. 40th St., New York, 
N. Y. Six-page 8⁄4 by 11 in. folder. De- 
scribing the Colorimeter, a light transmis 
sion measuring instrument for comparing 
the color of liquids and for quantitative 
chemical analysis. 


Paint Procress—The New Jersey Zine 
Co., 160 Front St., New York, N. Y. 12-page 
publication, appearing monthly, containing 
technical information on various types o 
flat wall paints, and illustrated by halftones 
and charts. 
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Allowable Eccentric Loads on Fillet Welds 


E. H. EBERHARDT 


ALLOWABLE ECCENTRIC LONGITUDINAL 
LOADS ON FILLET WELDS 


Load in 1,000 Ib. = t x chart value 
Width of weld in. 
Eccentricity in. 


K 
~ 1 W4 =&l AwsS.code 
1+6%) 2 weld stresses 


a 


With weld 


37 
4 y2 


l = Length of weld 
in Inches 


Eccentricity 
in inches 


Example: 
Weld length 12 in 
Eccentricity 2 in., t=%2in. 
WA = 68 (from chart) 
W = 68X¥%2= 34000 lb allowable 
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ALLOWABLE ECCENTRIC TRANSVERSE 
LOADS ON FILLET WELDS 






130 





W = Load in 1,000 Ib = tx chart value 
t = Width of weld in. +120 
e =- Eccentricity in 












A.W.S. code 110 
Weld stresses 









l = length of weld 
in inches 












% 
60 
50 
xs °C wea 
Eccentricity 
in inches 
40 
0 30 
Example: 
20 
Weld length 10 in. 
Eccentricity 1⁄4 in. t=% in 
Wt = 46 (from chart) . 
W =46X% =23,000 Ib. 10 
O 
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GEORGE F. NORDENHOLT, Editor 


Technology And The War 


WHY WASTE WORDS attempting to describe the feelings of 
the American public concerning the recent events in 
Europe? No words cou'd adequately reflect the anger 
aroused in the hearts of all sane thinking peoples. The 
President of the United States described the situation in 
Europe as “a four-alarm fire.” The implications conveyed 
by that simple phrase are far reaching. No democracy, or 
any small country, can hope to live peacefully in the face 
of a highly armed totalitarian country dominated by a 
fanatic gone mad with the lust for power. 

Armed with an abundance of the machinery of war 
and a comparable large army of men trained to operate 
it, the mad dictator of a totalitarian country has thrown 
to the winds all restraint. He respects neither life, prop- 
erty, nor the opinions of mankind. Devoid of any sense 
of honor, of justice, or of Christian morality, he is dealing 
death and destruction with powerful weapons created by 
machines developed by science, technology and industry 
for peaceful purposes. 

The answer to such a situation is clear enough. It was 
contained in President Roosevelt’s personally delivered 
message to Congress on May 16—billions for the creation 
of a war machine far greater and far more powerful than 
any that could be created by any totalitarian government 
or combination of such governments. No true American 
can find fault with such a decision. Every patriotic 
American will support it with enthusiasm and might. 


To be effective, mere quantity in the machinery of war 





is insufficient. Quality must also be superior. And this 
requires that American technology must be superior. 
Thus, technological leadership will be the greatest single 
determining factor in making the American defense 
program effective. 

In the coming months and years, in order to stop the 
spread of “the four-alarm fire,” scientists and technolo- 
gists of this country, and other democratic countries as 
well, will be in the midst of the greatest task they have 
ever undertaken. Upon design engineers will depend the 
effectiveness of the machinery of war that is to be built. 
It will be their responsibility to create bigger, better and 
more effective weapons and equipments, as well as to 
develop the production machinery to make the materials 
of war at maximum production rates consistent with high 
quality. 

Science, technology and industry have for the past 
decade been the target for much criticism. So let it be. 
As Kipling put it, “It’s Tommy this and Tommy that. . . 
but it’s ‘How do you do Mr. Atkins,’ when the band 
begins to play.” 

The band is playing. The go signal has been given. 
Like never before, the eyes of America are looking to 
science, technology and industry to lead the way. The 
opportunity is here for every scientist and engineer to 
do his part to show the world that Democracy can and 
will excel dictatorship in everything except that which 


is despicable. 











VARIABLE SPEED 
THROUGH ELECTRONIC CONTROL 


NFINITE speed regulation and flat 
characteristics have 

been obtained without recourse to 
costly electrical conversion systems or to 
hydraulic or mechanical transmissions 
in the new Rivett 1020 cabinet lathe. An 
electronic circuit controls a commutator- 
type single-phase driving motor. The 
electronic device is compact, has no 
moving parts and furnishes speed 
changes in infinite steps. In addition 
motor speed is automatically maintained 
al any pre-set figure. 


speed-torque 


The variable-speed drive control, de- 
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signed by Submarine Signal Company, 
consists essentially of a grid-controlled 
rectifier system connected to an alternat- 
ing current supply. As shown in the 
schematic sketch, the motor field is 
energized by direct current, supplied in 
this case by a rectifier built into the unit. 
The motor armature is energized by half- 
wave uni-directional current impulses 
from a rectifier tube of the hot cathode 
gaseous discharge type with its anode 
circuit in series with motor armature and 
the a.c. source. The grid circuit of the 
tube is in series with a source of variable 








Rivett 1020 cabinet lathe, equipped with 
an electronic speed control developed 
by the Submarine Signal Company 








direct potential and with the motor 
armature. Variable direct potential is 
controlled through a potentiometer by the 
lathe operator. 

In operation, the machinist sets the 
control dial at the desired speed. This 
dial adjusts potentiometer setting and 
thus governs the amount of direct po- 
tential applied to the tube grid. Under 
this impressed voltage, the tube supplies 
rectified current impulses to the arma- 
ture. As the armature rotates in its 
magnetic field, a counter e.m.f. is in- 
duced which opposes the grid potential 
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Speed torque characteristic of the Submarine Signal electronic Speed control is centered in a dial mounted on the inclined front 
speed control is substantially flat through a wide range of selected panel. The toggle switch controls on-and-off; the pilot light in- 
speeds as determined by single dial on panel dicates when current is available for motor operation 

supplied through the potentiometer. any replacements being necessary. cuited and resistance is applied to the 
Counter e.m.f. will always be exactly The actual operating circuit, as shown field circuit. This prevents too-rapid 
proportional to motor speed. During below, includes a full-wave rectifier for deceleration and also reduces heating 
negative half-cycles of anode potential, supplying direct current to the motor when motor is not running. Some anode 
when no current is flowing through the field as well as the grid-control circuit potential is applied to the grid circuit so 
armature, this counter e.m.f. opposes the of the gaseous rectifier tube. A time- that the flat speed-torque characteristic 
grid potential. When the two voltages delay relay provides tube protection and can be maintained from nearly zero to 
are substantially equal, the tube will not a small panel light indicates when tubes full motor speed. 

supply a current impulse to the armature are sufficiently heated and ready for During the original development of 
during the next succeeding positive half- operating motor. In addition, in the the Rivett 1020 precision screw cutting 
cycle of anode potential. When motor “off” position of the motor control lathe, a complete series of models was 
speed drops, counter e.m.f. drops pro- switch, the motor armature is short cir- made up as a guide for the engineers 


portionately, does not balance impressed 
potential, therefore current impulses will 
again be supplied to the armature. In 
this way motor speed is maintained at a 
constant value, regardless of load, and 
the speed-torque characteristic of the É 
system is substantially flat through a 
wide range of speeds. There has been switch 
in operation since 1936, in the Sub- 
marine Signal plant, one of these devices 
which has functioned perfectly without 


Time delay relay 


controlled 
rectifier 


É 
I 
| 
| 


` Zhe / overload 
forward-off-reverse switch eee 


SIMPLIFIED SCHEMATIC WIRING 
OF VARIABLE SPEED CONTROL 





Simplified schematic circuit shows how Operating circuit of the electronic control includes a full wave rectifier for supplying 
motor field and armature are energized direct current to the motor field. Time delay relays protect tubes 
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working on the project. A clay model 
was first molded to the general shape de- 
sired. This was modified to meet vari- 
ous design conditions brought out in 
engineering conferences during the pre- 
liminary development. Finally a full- 
size wooden model was constructed which 
proved useful to designers and drafts- 
men as a guide in preparing the final 
drawings and specifications for the ma- 
chine. This procedure, it is interesting 
to note, is followed in both the auto- 
motive and airplane industries, where it 
is known as making a “mock-up.” 

Lathe bed is a close-grained semi-steel 
casting of rigid, box-type construction 
with substantial cross-ribbing. To per- 
mit exact leveling and to provide against 
distortion of ways, the right-hand end of 
bed is carried on a screw pedestal with 
sperical washer in its head. Carriage 
saddle and tailstock shoe travel on sep- 
arate bedways. Lead screw is mounted 
in preloaded precision bearings and is 
reversible. Ways are nickel semi-steel, 
carriage saddle and tailstock base are 
of Meehanite slightly softer than the 
bed. This wear is not on bed. Carriage 
is fitted with adjustable gibs and has 
Corprene wipers in formed retainers 
which protect sliding surfaces. Carriage 
ways are plańed and hand scraped. 

Headstock is fully inclosed and is 
fastened to a mating housing cast in- 
tegrally in thə bed, thus providing an 
oiltight inclosure for flood lubrication of 
the shafts and gears. A rimmed area at 
the back of headstock housing affords a 
convenient shelf for laying down micro- 
meters or other small tools. The welded 
steel cabinet is designed with a rimmed 
top surface that forms a chip and oil 
pan. Cabinet also houses driving motor 


and electronic speed control unit. The 


two drawers, sliding on ball bearings, 
and the two compartments all fitted with 
locks and keys, provide storage space 


for all attachments. Motor ıs ventilated 
through louvres. 

Driving motor is mounted on Lord 
rubber shear mountings which absorb 
vibration. Screw adjustment maintains 
tension on the two V-belts which drive 
the spindle. These belts can be removed 
and replaced at any time without disturb- 
ing drive or removing lathe spindle or 
headstock. The design of the headstock, 
bed and housing to permit this belt re- 
placement is highly ingenious. Belt re- 
moval requires only the removal of the 
aluminum handwheel. 

Alloy steels are used extensively 
throughout the machine. Spur gears 
are S.A.E. 4150 steel, heat-treated to 
30-35 Rockwell C. Worm and worm 
gears are steel on bronze and back gears 
of cast Meehanite approximately 230 
Brinell, helically cut of alloy steel for 
quiet running. Shaving of spur and 
helical gears assures accuracy and free- 
dom from noise and vibration. All 
slidably mounted members work on 
multi-splined shafts and rotating shafts 
are supported in anti-friction bearings. 
All rotating parts are dynamically bal- 
anced. 

Spindle and back gear shaft bearings 
mountings are cast integral in the head- 
stock frame. Spindle is forged from 
alloy steel, heat-treated and ground and 
mounted on precision ball bearings. The 
two front bearings are mounted with a 
predetermined imposed end thrust. At 
the rear of spindle, combination ball and 
straight roller bearing mounting allows 
for expansion and contraction. An 
aluminum handwheel is furnished for 
hand turning of the spindle when driving 
sheave is disengaged. 

All gears and shaft bearings are flood 
lubricated. A Tuthill pump supplies 
oil through a Cuno filter to a reservoir in 
the head. The oil flows from this res- 
ervoir to a header from which it is dis- 


2 grooved shea ve. Belts replaced without disassembling spindle 


ILEEK E LEOR RRR ERRARE 


22 DT EEI R il ty 
Z : RR k Mea 


NS 
Ss = V 


VY 


Anti-friction mountings of the forged steel spindle. 
at the rear provide for spindle expansion and contraction. 
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Spindle gear” 


Forged heat-treated spindle--7 
Meehanite back gear shaved-- 


tributed to the various gears and shafts. 
The spindle is separately lubricated. 

Noise absorption has also been given 
consideration in this new lathe. In ad- 
dition to the extensive use of the shav- 
gin operation to produce quiet running 
gears, noise insulation materials have 
been adopted to absorb drumming 
sounds which might be amplified by the 
hollow base housing. To absorb these 
noises at their source, the chip pan is 
backed with non-inflammable molded 
plastic and the cabinet is lined with 
molded cork. 

Throughout the design much thought 
has been given to inclosing all moving 
parts and yet maintaining full accessibil- 
ity. For instance, the electronic speed 
control unit is mounted on an access door 
at the left side. Any wiring inspection 
which might be necessary can be made 
conveniently by swinging out the door, 
exposing the speed-control unit and all 
wiring. Similarly, through this door 
access may be had to the oil pump and 
the oil filter. The left-hand front door. 
when swung open, provides plenty of 
space to service the motor, to make 
tension adjustment of the V-belts or to 
replace the shear mountings. V-belts are 
changed easily by removing the alum- 
inum handwheel at the left side of the 
spindle and slipping the belts off the 
driving and driven sheaves. To provide 
moisture and dust tightness and reduce 
vibration noises, all access doors are 
fitted with sponge rubber gaskets. 

Operator convenience has consistently 
been considered in the design. The ma- 
chine can be efficiently run from a stand- 
ing or sitting position, as all controls 
are located on the front of the machine 
within easy reach. Electrical controls 
completely segregated and insulated, are 
mounted on a slanted panel. A single 
lever control governs forward, reverse, 
electric brake stop. Speed selector with 
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Front bearings are preloaded; the combination ball and straight roller bearings 
Aluminum handwheel is used for hand-turning of spindle 
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graduated dial gives any open-belt spin- 
dle speeds from 100 to 2,300 r.p.m. or 
any back-geared speed from 20 to 460 
r.p.m. As a further aid to the operator, 
the lathe is fitted with a light mounted 
on a standard which is universally ad- 
justable to illuminate any part of the 
working area. 

As this lathe is of the highest pre- 
cision type, it may be of interest to note 
the close limits of operation. Turn or 
bore 6 in., work held in collet, within 
0.0001 in.; turn or bore 6 in., within 
0.0001 in.; face to 8 in. dia., within 
0.0002 in. concave, 0.0000 in. convex; cut 
threads 12 in. long, within 0.0005 in.; 
cut threads 3 in. long, within 0.0003 in.; 
bed alignment over any 12 in., within 
0.0005 in.; tailstock spindle alignment 
with bed, within 0.0002 in.; headstock 
spindle mouth concentric, within 0.0001 
in. The functional design has resulted 
in a clean, compact, easily operated, 
attractive machine tool. It was found 
unnecessary to add extraneous trimmings, 
except for three strips of stainless steel 
on the doors. 





and gears through copper tubing 
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„Sheet cork 


Lubrication to spindle gearings. Tuthill pump supplies filtered 
oil to a reservoir in head. Oil flows through header to bearings 


Access doors at side and front of machine 


are gasketed with sponge rubber. Front 
door provides easy access to motor, V-belts, 
and motor shear mountings. Electronic 
speed control is mounted on the side door; 


thus the device is conveniently located 
for wiring and adjustment. The oil pump 
and Cuno oil filter can be easily serviced 
through this same access door. Motor is 
ventilated through louvres. in side panel 


_Non-inflammable plastic 


Tailstock shoe bears on vee and flat ways of bed. Shoe is fabri- 
cated of Meehanite somewhat softer than ways; thus any wear 


which might occur is taken on shoe 
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Combined Hydraulic and Electric Drives 


Sensitive limit switches interlock the electrical and 

hydraulic circuits in the Barber-Colman type “V” Adjustable 
vertical hobber. Hob carriage, clutches and clamps light (ee 
are actuated by hydraulic pressure; coolant pump 

and work-slide rapid-traverse are electrically driven. 

Short, compact driving mechanisms are used. 


Rigid frame constructien consists of two heavy box-section 
uprights, a reinforced box-section base casting and a heavy 
crown member. Left-hand upright supports hob slide, main 
drive motor and drive mechanisms. Right hand upright carries 
traveling work slide with index and feed-drive mechanisms, 
control panels, rapid-traverse motor, and brake. Hob slide is 
mounted on horizontal ways integral with one upright. 


Controls are centralized on the right hand column. To 

facilitate set-ups, each operating unit can be individually con- 

trolled. Gages indicate pressures in the automatic lubrication Motor . 
and the hydraulic system respectively. Two large levers control ventilation l. 
automatic cycle, one for starting, the other for feed starting and louvres | 
stopping during cycle. One of the small levers, used during 

set-up to rotate hob and work independently of other movements, 

is fitted with a stop button, the position of which determines 

the direction of working feed. 


Micrometer adjustment 
A ATA TL) 


Feed 
control 


Stops ó ycle 


instantly 


Stop control but- E i 3 
ton. In-work slide Coolant is confined to the working area by a casing i 
feeds up; out-work closing the hob and work, affording positive heat transfer and 
slide feeds down cooling capacity for submerged work and hob. Chips are col- 


lected in a specially designed pan at the rear of the machine. 
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HY DRAULIC 
CIRCUIT 
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Hydraulic circuit provides a retract- 
ing movement of the hob slide at the end 
of the feed, hydraulic clamping of the 
hob slide in feed position and hydraulic 
actuation of the single-plate main-drive 
clutch by means of a cylinder mounted 
on the main drive shaft, this design giving 
automatic compensation for wear of the 


Hob slide clamps ~=- 


To hob slide cylinder to 
operate hob slide---- 







Single lever for aeons 
actuating and = 
clamping work 

arbor support 





clutch disks. Hydraulic circuit also actu- 
ates the jaw-type feed clutch. For clamp- 
ing the work on the arbors, a hydraulic 
cylinder is mounted on the work spindle. 
Pressure of 300 lb. per sq. in. in the 
hydraulic system is maintained by a 
144-gal. constant delivery Vickers vane- 
type pump. Excess oil is passed through 


Work slide 
rapid traverse 






Hand 
operated 
cycle valve, 




















Feed 
contro/ 
fever 


control 
lines 


an adjustable relief valve and returned 
to the tank. Micro Switches interlock hy- 
draulic and electric controls. See sche- 
matic electrical circuit on next page. To 
facilitate loading, movement of single 
lever unclamps arbor support, retracts 
and reclamps it, in one motion. Then 


work is clamped in place hydraulically. 













z im Drive from main-drive clutch to hob adjustable sleeve bearings. Location of of backlash between the feed screw and 
and spindle is through hardened gears and feed screw, in a vertical position support- nut is unnecessary as load is in one 
> col shafts mounted on heavy-duty Timken ing 1,500 lb. work slide, places feed direction. Bijur lubricator supplies oil 
ne. bearings. Hob spindle has bronze taper screw under tension at all times; take-up to bearings. (Continued on next page) 
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5 hp. 
1800 r p.m\ LTZ. 
drive 
motor 


Eight Miero Switches, connected 
with the hydraulic circuit, control rapid 
traverse movement, and also serve as an 
interlock between the hydraulically actu- 


ated mechanisms and the electrical-se- 


quencing switches. When hob slide is in 
cutting position, rapid traverse cannot be 
obtained, because the small limit switch 
4 is open. However, if rapid traverse is 
required during feed portion of cycle, it 
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MODERN DESIGNS — Barber-Colman Vertical Hobber, continued 


e E a 


may be obtained by shifting feed lever to 
“feed off” position which closes switch 14 
and disengages the hydraulically oper- 
ated jaw clutch to disconnect feed. Rapid 
traverse is then obtained by manual push- 
button control. Coolant switch is actu- 
ated by hand operated cycle valve. Micro 
switch 2 operates from the same lever to 
open and close rapid-traverse circuit in 
connection with the second switch actu- 


ELECTRICAL CIRCUIT 





ated from hob slide. For rapid-traverse 
in either direction, a separate normally 
open switch is held closed during feed 
portion of cycle by a mechanical latch. 
At the end of rapid traverse movement, 
this latch is disengaged, opening switch. 
Switches 5 and 6 are in series with 
manual pushbuttons to give rapid- 
traverse when not in automatic cycle. 
Pump delivers 40 gal. per min. coolant. 
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Epicyclie Speed Reducer in Portable Hoist 






§ /u/ly-inclosed 
a high-torque 

$ Leland or 

a Star motor 


Gears and sprockets in the Coffing 
“Quik-Lift” hoist are SAE 3120 forgings 
normalized at 1,650—1,750 deg. F. before 
machining to minimize possible distor- 
tion in subsequent heat-treatments. After 
machining, cutting and finishing, gears 
are carburized. Tensile strength ranges 
from 78,000 to 125,000 lb. per sq. in. 
Chains are nickel-steel. High-starting 
torque motor is fully inclosed and is con- 
trolled by limit-switch. Differential speed 
reducer in this hoist is the patented 
Perry type, running on ball bearings in 
a bath of oil. Limit switch controls brake. 



















Perry speed reducer — 
ratio of reduction determined 
by number of teeth in ring 
gear and eccentric spur 
gear. Ball-bearing 


mounted, runs in 
oil bath 


Gatke weatherproof lining 


limit switch controls brake and 

drum control switch. lf énd of 

load chain runs past limit, current 

is cut off and brake applied automatically. 
If load chain continues to coast, motor 

is automatically reversed 


fixed internal ring gear 
Eccentric. spur gear 


Pins transmit power trom 
eccentric spur gear to 
driving plate 


Size of openings deter- 
mined by throw of 
eccentric =difference in 
pitch diameter of the 
two gears 


Circular Sound Diffuser on Portable Radio 





Eleetro-dynamic speaker is mounted 
on top of the five-tube, a.c.-d.c. super- 
heterodyne Kadette radio. Protecting the 
speaker mechanism is a steel grill, 
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Meta/ screen 


slightly recessed under the plastic cone 
top. Set is fully inclosed, heat generated 
rises and flows out through the speaker 
grill. Cabinet was designed by Barnes & 


_--Plastic cone 





Cross-section on È 


Reinecke. Firestone Rubber & Latex 
Products Company molds the cabinet in 
several types of plastic. Top is rigid 
enough to serve as carrying handle. 
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MODERN DESIGNS — Thrust Balanced Hydraulically 


Force-feed lubrication, hydraulic 
means for easy adjustment of 
head to various product sizes and 
an automatic relief valve that safe- 
guards machine parts against un- 
breakable substances, are features 
of the Allis-Chalmers all-steel type 
“R” reduction crusher. 


Built-in hydraulie jack supports the 
thrust bearing that holds the vertical 
shaft and mantle in crushing position. To 
accommodate various sizes of products, 
the head can be raised by injecting oil 
into the cylinder through a convenient 
Alemite fitting: head is lowered by re- 
lease of oil cylinder through hand-oper- 
ated valve. An additional safety feature 
is provided by an automatic relief valve 
which opens under a predetermined pres- 
sure, lowering head and permitting un- 
crushable material, such as tramp iron, 
to pass through without damaging ma- 
chine. This hydraulic step support also 
allows quick unloading of crushing cham- 
ber in cases of power failure. 











dust seal 


Dust is exeluded from working parts 
by means of a new-type, rubber-curtain 
dust and oil seal with no sliding parts 
which might require lubrication. Wear- 
ing parts of crusher consist of a ground 
manganese steel mantle and a one-piece. 
self-tightening concave ring. Crushing 
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Manganese 
steel mantle 


Rubber curtain 





Syathetic rubber 


Vertical shaft rotated 
in eccentric bearing 


Rubber curtain exchides 
dust from working parts 





chamber can be completely dismantled 
by removal of twelve nuts. Spider and 
top shell are cast integral and can be 
easily removed for replacing the one- 
piece concave ring, which is ground out- 
side. The bottom shell is of open con- 
struction. Hub is fitted with oil seal. 


Pressure switches 






+— Motor -driven 


—— 
Rock load 
deflecting 
shaft 


-> k - few 
thousandths 


Section 


4 
Eccentric 
bearing 


‘\ 

First bored 

to fit shaft 
dimensions, 

then rebored 
as shown 





Te allow for shaft deflection 
and to reduce possibility of uneven wear 
on bore in eccentric bearing supporting 
main shaft, the bearing is first bored to 
shaft dimensions. It is then re-bored 48 
shown in the schematic above. When 
shaft deflects, it receives full support. 
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*_-~ Cast iron bushing 


_ --Flexible oil seat 


Main shaft ~ 


_ Mantle — 
-77 manganese steel 
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_- One piece 
-~ concave ring 
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7 


Neoprene cup washer ~ 


Eccentric and ecut-tooth gearing 
is force-lubricated by a motor-driven 
pump from a combination storage, cool- 
ing and screening tank. If crusher is 
engine-driven, oil pump can be operated 
by Texrope drive from pinion shaft. When 
electric drive is used, a pressure switch 
Mm main motor line cuts off power when 
oil supply to working parts fails. Syn- 
thetic rubber oil-line connections are oil- 
resistant, absorb vibration. A water- 
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ALLL; 


TEN 
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cooled radiator in the tank cools the 
lubricating oil. Eccentric bearing is bab- 
bitt-lined. Garter spring oil seal at top 
of shaft has sufficient flexibility to main- 
tain effective sealing around gyrating 
shaft. Step-support piston is fitted with 
an oil-resistant neoprene cup washer. 
Mainshaft step bearing consists of a 
separate piece, bolted to end of shaft, 
which is supported on a bronze step 
washer. 


~ 
— 
-— 


~ Air 





sk son sti ten ain Alemite fittin 


for hydraulic fluid 
to lift piston 
cock 


`H ydraulic relief valve 


' 


HIGH STRENGTH, MINIMUM DEFLEC- 
TION are obtained through use of 
Meehanite for the rolls on mills 
manufactured by Stewart Bolling 
It has been found 


& Company. 
that these rolls require only about 
half as much crowning as chilled 
rolls because of the greater in- 
herent stiffness of the metal. 
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MODERN DESIGNS — 


Main bull gears and eccentrics are 
one piece and rotate on alloy steel pins 
in the Dries and Krump series “L” press. 
Power is delivered to both ends of ram 
through eccentric straps which connect 
to sleeve-like plungers encasing the ad- 
justing screws. Plungers operate in a ver- 
tical non-oscillating position throughout 
stroke, and are sealed against oil leakage. 


Flywheel, clutch and brake are 
combined in one unit. Flywheel is 
mounted on ball bearings and has a 
molded friction lining pressed into side 
of rim. Clutch disk is the only moving 
part. Brake lining on outer side of clutch 


disk engages a stationary brake disk. 
Brake is spring loaded. Thrust is applied 
through toggle linkage, treadle-operated. 


Eccentric 


Plunger bearing, 


Oil seal___ 


Adjusting screw-------~ 


sooo 


Snap-on molded rubber base in the 
Presto deluxe stapler serves both as a 
cushioning pad and as a magazine for 
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Friction lining 


~ Brake disk and lining 


”"" Clutch disk 





Intermediate gear 
and pinion 


=] 


Yi 


CZ 
IN 
y | 4 M 


ZZ 


Flywheel and 
latch guard 


“~~ Main pin 


Ram and return spring 
formed from one piece of 


spring steel 


holding a reserve supply of 400 staples. 
Designed by Carl Wylie of Metal Special- 
ties Company and styled by Barnes and 


Reinecke, the stapler retails at a Te 
markably low price. Ram and retum 
spring are single piece of spring steel. 
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PNEUMATIC CIRCUITS-I 


For Controlling and Operating Machine Cycles 


N PRINCIPLE, every pneumatic con- 
trol circuit consists of control valves, 
power valves, operating cylinders 

and piping. The supply of compressed 
may be fur- 
nished from a source outside the machine 


air to operate the system 


or by a “built-in” compressor. Actuating 
the control valve, manually or by any 
other means, actuates the power valve 
which thereby causes the desired move- 
ment of the piston in the power cylinder. 


Practically any automatic operating 
feature can be obtained by means of 


pneumatic control. Unusual control 
cycles, repeating or non-repeating and 
inching can be accomplished as effect- 
ively as can the more usual types. Simi- 
larly, automatic protection of the oper- 
work and the machine can 
readily be incorporated in the pneumatic 


controls without complications. Used for 
the control of hydraulically operated ma- 
chines, the pneumatically actuated hy- 
draulic power valves respond faster than 
they do when hydraulically controlled. 

Pneumatics and hydraulics have many 
things in common. But whereas the hy- 
draulic medium is an incompressible 
liquid the medium used in pneumatic 
controls is highly compressible air which 
for given conditions flows much faster 
and requires only small orifices for dis- 
charging relatively large volumes. 

In regard to delivery of air through an 
orifice, if the displacement in a particu- 
lar main valve is 1 cu. in. the same size 
orifice would be required to deliver 1 cu. 
in. of compressed air, whether the air 
pressure was 60 or 100 lb. per sq. in. Of 
course, for equal volumes of compressed 
air, more cubic inches of free air are 
delivered under 100 than at 60 lb. per 
sq.in. Thus, it is evident that the valve 
will move faster at the higher pressure 
because the velocity of the air through 
an orifice increases with an increase in 
pressure difference between the inlet and 
the outlet sides of an orifice. Thus, in 
pneumatic controls only a small move- 
ment of the control valve is needed to get 
a quick response in the main power valve. 

The pneumatic control circuit may be 
low pressure or high pressure, the air 
Pressure in the power circuit usually 
ranging from 60 to 80 lb. per sq. in. The 
main valve may be caused to operate 
either by admitting the air to the control 
circuit, that is, pressure operation, or by 
exhausting the air from the control cir- 
cuit, which is called exhaust operation. 


ator, the 
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Consulting Engineer, Tomkins-Johnson Company 


With hydraulic circuits in mind, one 
might assume that there would be dis- 
tinct advantages by using high pressures 
in pneumatic systems. But the compressi- 
bility of air makes pneumatic operation 
entirely different, in this from 
hydraulic operation. 

The main reason that air pressures in 
pneumatic systems are usually about 80 
lb. per sq. in. is because of the economic 
balance between cylinder size and cost, 
and the cost of compressed air. Air at 90 
lb. per sq.in. pressure is approximately 
6 atmospheres, or 6 cu.in. of free air 
packed into 1 cu. in. of compressed air. 
To raise the pressure one more atmos- 
phere or to 105 lb. per sq.in., 7 cu. in. 
of free air must be compressed to obtain 
l cu. in. of compressed air. A work cylin- 
der designed for 105 lb. per sq.in. pres- 
sure would be smaller than, and would 


cost less than, a cylinder for the same 


respect, 


Fig. 1 
studs in thin plates. 


work force using 90 lb. per sq. in. pres- 
sure. However, the saving in cylinder cost 
would not offset the increase in cost of 
air for operation. 

The accompanying schematic diagrams 
are self-explanatory, and show the great 
diversity of automatic features that can 
be attained with pneumatic control cir- 
cuits. As indicated in the circuits illus- 
trated, the control valve may be actuated 
manually or by movement of a machine 
element, by changes in air pressure pro- 
duced by bleeder holes or by differences 
in air pressure at two different points in 
the pneumatic system. The control valves 
of the direct seating type open with the 
first movement, the total stroke usually 
being only 14g in. Usually the control 
valve is spring loaded so as to close im- 
mediately upon release. 


Whether exhaust operation or pressure 
operation of the power valves is to be 
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Air-controlled and operated riveting machine for feeding and setting shoulder 
Air hammer with peen is revolved by a back geared motor 
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selected depends largely upon the length 
of piping in the control circuit. The 
power cylinders should be placed close 
to the clutch or machine element to be 
operated. The various control valves 
must be positioned to give the most effi- 
cient and most convenient operation. The 
power valves should be placed reason- 
ably close to the power cylinder so as to 
minimize the amount of large diameter 
piping required, to obtain quickest action 
of the power cylinder and to minimize the 
waste of high-pressure air that escapes 
on each cycle of operation from the 
piping that connects the power valve 
and cylinder. 

Hence, the length of piping in the con- 
trol circuit, although it should be a mini- 
mum, will be more or less fixed by the 
layout of the machine to be controlled. 
The exhaust type of control system is 
simpler and more economical because it 
requires only one pipe from the control 
valve to the main valve. Its disadvan- 
tages and limitations are that drops of 
water in the bleeder ports in the power 
valve piston may slow or even stop the 
operation. Secondly, in long control lines, 
more than about 15 ft., the pressure drop 
required will be too great. That is, the 
resistance to air flow in the long pipe 
prevents a rapid drop in pressure at the 
power valve. 

For the control lines, 14-in. O.D. X 
‘s-in. LD., 20-gage copper tubing with 
1g-in. iron-pipe-size connections, is gen- 
erally used; ®-in. O.D. tubing, 20 gage 
can be used for pressure control. These 
sizes can readily be bent to the desired 
contour and do not require unsightly el- 
bows and fittings. This tubing has ample 
capacity for working pressures up to 100 
lb. per sq.in., and is preferable to steel 
tubing, or steel pipe, as it is free from 
internal scaling. 

Often the question is asked, “Why not 
use larger or smaller tubing?” Smaller 
tubing has too great a resistance to air 
flow. If larger tubing were used a corre- 
spondingly larger volume of air would 
have to be admitted or exhausted from 
the control lines to attain the same pres- 
sure drop. 

Every pneumatic control circuit should 
have some means for lubricating the 
valves and cylinders. One of the best 
methods is to place a lubricator at the 
inlet of the power line to the main valve. 
This will lubricate the power valve and 
the working cylinders. Valves in exhaust 
control are lubricated by the air from 
main valves. Pressure control circuits are 
lubricated by taking the air supply from 
a point between the lubricator and the 
main valve. 

An air cleaner such as a Purolator, 
Cuno or A.C. filter should be placed in 
the main airline ahead of the lubricator, 
as shown in the accompanying illustra- 
tions. Placing it after the lubricator 
would strain out all the lubricating oil. 
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Roller 
Feed rolls 


Feed cylinder, 2" bore * 12” stroke 
I 


Line No. 2... 


To control speed, back 
pressure is maintained 
on exhaust by a a 
Parker needle valve 


4 
Cam operated button 
or straight way valve 


Line No. 1---? 


Control cireuit as applied to a 
sticker, for feeding billets of wood into 
feed rolls. As shown in the diagram, the 
feed rolls have drawn a billet out from 
under the pile or magazine, and are about 
to move this billet out from under the 
trip roller, after which the slide drops 
down and opens a cam operated button 
or straight way valve, exhausting the air 
from the right hand end of the main 
valve. This moves the main valve to the 
right hand end feeding air to the rear or 
blank end of the feed cylinder and ex- 
hausting air from the rod end. 

The piston moves forward under con- 
trolled speed, but enough faster than the 


Pressure regu/ator 
set for 5 to l0 Ib. per sq. in. 
/ 


/ 


Plug 
\ 


7 : P release 
z D u to unload 


Valve No.l- 


start applying 
low pressure 





Control cireuit for an air cylinder 
used to clamp work in a fixture, it being 
necessary to bring the work up lightly 
until properly located, then full force is 
applied to clamp to hold work firmly. 

When valve 1 is depressed, air is ex- 
hausted from the left hand end of both 
main valves A and B. This causes valve 
A to feed air to valve B and exhaust the 
air from the rod end of the cylinder with 
valve B in the left hand position, air 
from A is directed to the pressure regu- 
lator which reduces the pressure to 5 
or 10 lb. per sq. in., it then flows 
through the check valve to the blank 





Lubricator and strainer, 
Norgren midget team No. /4 





feed rolls to overtake the forward billet 
before it passes the first feed roll, thus 
maintaining a continuous feed of sticks 
or billets to the feed rolls. 

The cylinder does not exert force 
enough to overcome the mechanical re- 
sistance of the feed rolls so it can then 
only keep pace with the mechanical feed. 
This continues until the piston reaches 
the end of its forward stroke. At this 
position, a specially arranged valve on 
the piston rod exhausts the air through 
line 2 from the left hand end of the 
main valve, causing the piston of the 
work cylinder to return to the back posi- 
tion to wait for the next cycle. 


Work clamping 
cylinder 


_-7- Air supply 


~~ #" Lubricator 
and strainer 


“=~ Valve No. 2 — apply 
high pressure to clamp 


end of cylinder, causing it to move for- 
ward under a light force. Air cannot 
pass back through the exhaust port of 
valve B because both exhaust ports of 
this valve are plugged. 

When locating is complete, full line 
pressure is applied to cylinder, by de 
pressing hand button 2, this exhausts the 
air from right hand end of main valve B, 
directing air from valve A to blank end 
of cylinder. To release clamp valve 3 i$ 
depressed exhausting air from right hand 
end of valve A, thus, feeding air to the 
rod end and exhausting blank end of 
the work or fixture clamping cylinder. 
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Cyl A. 


Pressure operated 
valve No. 3 












Line No. 4 "ai 






Sequence control using a pressure 
control circuit for the main valve. 

The cycle is started by depressing the 
hand operated push button valve 1 direct- 
ing air to the right hand end of the main 
valve, this moves the piston of the valve 
to the left, delivering air to pipe line 2 
which in turn feeds air to the blank end 
of two clamping cylinders A, and also to 


Cylinder 2” bore x 1" stroke, 
loads rivet into transfer cylinder 


Na a 
Trigger operated 
control valve 
normally closed™~ 
7 


Air hammer 


Stop button 
operated by 
cam or finger 





To air 
hammer 


Hand buttons for. 
manual operation 
of loader or 
transfer, not 
used in normal 
operation 


Riveting machine cireuit for feeding 
and setting shoulder studs in thin plates. 
Setting is done by an air hammer with 
the peen revolved by a back geared 
motor. The slide carrying the hammer is 
brought down to the work by a pedal and 
at the bottom of the stroke a control 
valve is opened feeding air to hammer. 

When setting is completed, pedal is re- 
leased and the slide raises until near its 
top position. It then contacts a trigger 
Operated valve, holding it 
mentarily, then passing over allowing it 
to close. During the open period the main 
valve moves to the left end and feeds air 


open mo- 
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Hand operated push button 
valve No. l starts le 


Style No. / air cylinder 2" bore 
xil” stroke, cushioned both ends 


l 
Pressure operated 
valve No. 


--- Air re toggle clamps ~~~ _ 


~ a 


the pressure operated valve 3. This valve 
is set to hold back a predetermined 
pressure approximately 15 to 20 lbs. 
below the full line pressure, a pressure 
just sufficient to cause the clamps to com- 
plete their stroke, then valve 3 opens 
feeding through line 4 to the rod end 
of cylinders B and C. As these cylinders 
complete their inward stroke, they open 


` 
` 
Exhaust operated 
main valve 


to rod end of transfer cylinder and also 
to rod end of hopper cylinder. 

It being necessary that the transfer be 
back before the loading cylinder comes 
down (this loading cylinder pushes a 
rivet from the jaws to the transfer slide) 
a spring loaded back pressure valve is 
placed in the feed line. This valve re- 
mains shut until a predetermined pres- 
sure, great enough to operate the transfer 
cylinder, is reached. 

When pressure operated valve 1 opens, 
air is then delivered to blank end of load- 
ing cylinder, causing it tə move down 
loading the rivet into the transfer, as the 


_--- Pressure operated 
valve No. /] 


_ Lubricator and strainer, 
| Norgren midget team No. 38 


and 8 allowing air to flow 
through line 9 to the left hand end of 
the main valve moving the piston to the 
right hand end feeding air to the blank 
end of cylinders B and C, causing them 
to return to their out position; air is also 
piped to the rod end of the clamp cylin- 
ders which by the pressure operated 
valve 1l are retarded in their action. 


valves 7 


_eoo= ylinder for agitating hopper, 
14" bore, I£" stroke 


Lubricator and strainer, 
Norgren midget tearn No. 14 
' 


supply 


_— Pressure operated 
j valve No. 2 


_Transfer cylinder, 
-~" 2" bore X approx. 
4#" stroke 





stroke is completed a finger on the piston 
rod contacts a cam operated valve caus- 
ing it to open. This exhausts the air 
from the right hand end of the main valve 
moving its piston to the right, exhausting 
the air from the left hand lines through 
a check valve in the pressure operated 
valve 2 and feeding air to the bottom of 
loading cylinder and the blank end of 
the hopper cylinder. After these return 
and the pressure builds up, the pressure 
operated valve 2 opens and the transfer 
cylinder moves to the riveting position, 


work is then placed over the rivet and the 
pedal pressed to set the rivet. 





257 














CAST STEEL 
Effect of Additions on Quality 


C. H. LORIG 
Supervising Metallurgist, Battelle Memorial Institute 


ECHNICAL and industrial devel- 

opments leading up to the present 

status of the low alloy, high yield 
strength, structural steels have had a far 
reaching effect in the steel castings 
industry. 

To meet the trend in design for rail- 
road equipment towards lightening the 
weight of existing structures without sac- 
rifice of strength, low alloy high strength 
cast steels have been developed in the 
past few years to provide for a combina- 
tion of properties of castings in the nor- 
malized state to meet the following speci- 
fications of the A.A.R.: Tensile, 90,000 1b. 
per sq. in. min., yield 60,000 lb. per sq. 
in. min., elongation 22 per cent min., and 
a minimum reduction of area 45 per cent. 

To date the three steels accepted by 
the railroads are the nickel-manganese, 
the manganese-vanadium, and the man- 
ganese-titanium types. Each contains from 
about 1.25 to 1.70 per cent Mn. The 
average amounts of nickel, vanadium, and 
titanium added are: 1.00 to 1.50 per cent 
Ni, 0.10 per cent V, and 0.05 per cent 
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Ti. These steels in the normalized condi- 
tion and suitably drawn have the same 
properties so that the choice between 
them depends on the practice and experi- 
ences of the individual foundries. Con- 
siderable tonnages of side frame, bolster, 
coupler, and other castings have been 
put to test on railroads. Substantial sav- 
ings in weight have been effected. 

These new steels and the demand for 
light weight structures have introduced 
many problems involving design and 
casting technique. The trend in design 
toward reduction in section has greatly 
increased the importance of eliminating 
casting defects and has placed a pre- 
mium on sound castings. Some of the 
difficulties are being overcome success- 
fully by better supervision of melting, 
pouring, molding, and sand technique; 
yet there is still much to be done towards 
perfecting the surface and eliminating 
so-called stress raisers in the castings. 

Finlayson of the Pacific Car and 
Foundry Company, see Iron Age, Vol. 
144, July 20, 1939, pages 43-47, recent- 


ly described the use of steel castings 
in landing gear assemblies in the con- 
struction of giant transports of modern 
design. Here was an application for steel 
castings that required a careful seru- 
tiny of the casting art before the cast- 
ings could be made successfully. The 
chemical and physical requirements for 
the steel in the castings were not dif- 
ficult to satisfy. However, any form of 
crack, shrink or discontinuity on the sur- 
face or within the castings was cause 
for rejection. The castings were finally 
made of copper-silicon steel containing 
0.12 to 0.20 per cent C, 1.10 to 1.35 per 
cent Mn, 1.0 to 1.25 per cent Si, 1.50 to 
2.0 per cent Cu. This alloy steel was said 
to have marked fluidity so that it was 
capable of running into thin sections 
without cold shuts. Dry sand molds were 
used exclusively in the production of 
the castings, special precautions were 
also taken to secure adequate venting and 
core relief. The molds were coated with 
a double wash of zirconium oxide which 
improved the surface. 

The castings were subjected to a thor- 
ough inspection at the foundry and again 
at the customer’s plant. Before machining 
the customer examined the castings for 
cracks and other defects by magnaflux- 
ing. After machining, each part was 
pickled and cadmium plated. Incidentally 
plating revealed slag spots, spongy areas, 
and internal fissures which had been ex- 
posed in machining. If no defects were 
discovered by this means the castings 
were again magnafluxed. After this, 
some castings were X-rayed to discover 
internal cavities or shrinks. The number 
of accepted castings naturally fell far 
below the average commercial yield. 

That castings are being made for and 
are accepted by the aircraft industry is 
an indication of the marked refinements 
that are possible in casting technique. 
This development should be an inspira- 
tion to the steel casting industry since it 
paves the way to new applications for 
castings. 

It should be remembered that cast- 
ings have engineering values in their 
own right. In many uses of steel cast- 
ings, as for instance where flow lines 
might lead to failure, the lack of direc- 
tional -properties in the castings make 
them more enduring than forgings. 

A year ago the Ford Motor Com: 
pany announced the successful cast- 
ing of steel gear blanks in centrifugal 
dies. The method is now in regular 
production of all Ford truck ring gear 
blanks and will be extended to full 
production of car ring gears and trans- 
mission cluster gears as quickly as the 
necessary equipment is completed. The 
advantages claimed fur the gears made 
by the new method are greater strength, 
lighter weight, and faster production. 
The improved strength in the cut teeth 
is the direct result of the absence of 
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all How lines in the centrifugal castings. 
Thus the metal is equally strong in all 
directions and is not weakened by flow 
lines parallel to lines of greatest stress, 
a condition which exists in some forg- 
ings. 

It is now recognized that steel cast- 
ings have another advantage when com- 
pared with forgings. The coarse grain 
structure of the casting seems to give 
it inherently greater resistance to grad- 
ual distortion at high temperature, that 
is, greater creep strength than forged 
material of the same composition. Work 
which Battelle and others have done 
on creep testing of such materials in- 
dicates this superiority for the cast 
steels. 

The factors which lead to low duc- 
tility in cast steel are finally being 
discovered. The work that has been 
done by Sims and Lilliquist at American 
Steel Foundries, the more recent work 
by Sims and Dahle at Battelle and the 
contributions of several other investiga- 
tors have clarified the situation to a 
large extent. Low ductility is invariably 
associated with certain arrangements 
of non-metallics, especially manganese 
sulphide. 

As a result of their work, Sims and 
his co-workers reasoned that materials 
which may form inclusions in castings 
are in solution in the liquid steel. A 
high oxygen content decreases the sol- 
vent power of these non-metallics and 
hence in the presence of high oxygen 
they precipitate out of solution in the 
early stages of solidification and take 
the globular, harmless form. The solvent 
power of the steel for non-metallics 
increases. as the liquid metal is more 
thoroughly deoxidized; under these 
conditions the non-metallics are held 
in solution till near the end of solidifi- 
cation and are then precipitated in the 
harmful network or eutectic form. 

Sims and Dahle, see Transactions, 
American Foundrymen’s Association, 
Vol. 46,1938, pages 65-132, found that 
with no aluminum the manganese sul- 
phide inclusions are globular and not 
harmful. With small amounts of alumi- 
num, sulphides are precipitated in a 
string-like or eutectic form giving rise 
to a network in the steel and also to low 
ductility. By using larger amounts of 
aluminum the aluminum sulphide type 
of inclusion is formed which again is 
less soluble in the steel and hence 
precipitates as a harmless inclusion. In 
Fig. 1 are summarized the results of 
the effect aluminum has on the ductil- 
ity and impact strength of grade “B” 
steel of different sulphur contents. 

Recently Crafts of Union Carbide 
and Carbon Laboratories has indicated 
that the ductility may be further aug- 
mented by the introduction of calcium 
with the aluminum. 

The occurrence of “spots,” called 
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fish-eyes in welds, in fractures of test 
bars of cast steels is now receiving 
rather general consideration. These 
“spots” are attributed to hydrogen. 
They may appear, for example, when 
the steel is tested shortly after normal- 
izing. Long aging at room temperature 
or short aging at a moderately elevated 
temperature causes the spots to disap- 
pear and with their disappearance the 
ductility of the steel is greatly im- 
proved. It seems that “spots” do not 
occur, for some unknown reason, in 
steels from every heat. So far as is 
known they have never caused a service 
failure; yet they may be responsible 
for many instances where test speci- 
mens fail to meet specifications for duc- 
tility. The same problem faces the weld- 
ing industry and to a lesser extent the 
steel industry in general. As an ex- 
pedient, low temperature annealing is 
quite effective in removing the ‘ 

In the last year or two, mixtures 
have been developed for introducing 
various alloying elements into cast 
steel and cast iron that produce heat 


‘spots.” 





and cause the various alloys to melt 
immediately and to disseminate in the 
metal without a decrease in temperature. 
This has made possible the extensive 
alloying of steels and irons in the 
ladle, and the introduction of alloys 
to the furnace without chilling the bath. 

More emphasis has been given lately 
to the heat-treating of steel castings 
with the result that castings as large 
as 1% tons are being water-quenched 
and tempered. The water quenching of 
castings is not new; yet the steel foun- 
dry has been slow in realizing its possi- 
bilities. 

In closing some mention should be 
made concerning the progress made 
on investigating the effect of high tem- 
peratures on steel sands that is being 
done at Cornell University under the 
sponsorship of the American Foundry- 
men’s Association. This work has shown 
that some sand mixtures are sensitive 
to heat-shock whereas others are not. 
The information gained from these tests 
should eventually be of direct interest 
to the steel castings industry. 
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Fig. 1—Curves which indicate the effect of aluminum on ductility and impact strength 


of grade “B” cast steels 
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Examples of parts manufactured, illustrating the type of work done 
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in the Custom Parts Division of the Waltham Watch Company 


PRECISION PARTS 


ARTS such as pivots, pinions, and 

wheels for watches, timers, in- 

struments and small devices are 
extremely delicate to make. And they 
also must be made to an unusual degree 
of accuracy if the mechanism in which 
they are to be used is for a precision 
instrument. As a generality, for a given 
dimensional inaccuracy in a part, the 
error produced in the operation of the 
finished device is about inversely pro- 
portional to the size of the part: the 
smaller the part the greater will be the 
error produced by a given dimensional 
inaccuracy. 

Because of the extreme degree of 
accuracy required in the parts of pre- 
cision devices, highly specialized manu- 
facturing processes, machinery, and 
technique had to be developed to pro- 
duce such parts. An ordinary first class 
toolmaker requires at least two years 
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further experience before he becomes 
proficient in the manufacture of small 
parts. The tools must be made under 
microscopes and the setting-up of the 
screw machines requires a degree of 
skill that is not needed in producing 
larger pieces. Some of the screws pro- 
duced are less than 0.10-in. long and 
0.025 in. in diameter, so small that a 
powerful magnifying glass is needed to 
be able to see the threads. Many parts 
are made to specified commercial toler- 
ances of +0.0001 in. and minus nothing. 
A given dimension in a lot of 1,000 
pieces normally has not more than 
0.00008-in. variation. 

In the experiences of the Custom Parts 
Division of the Waltham Watch Com- 
pany which devotes itself exclusively to 
the manufacture of parts for instruments, 
gages and similar small parts, it has 
been found repeatedly that close contact 





and cooperation between the instrument 
designer and the parts manufacturer is 
essential. Also, it is advisable not to 
have mating parts or different parts for 
the same sub-assemblies made in differ- 
ent plants. It saves many harmful errors 
where one concern makes complete sub- 
assemblies or groups of mating parts. 

It is common practice for designers to 
specify maximum tolerances of only 
0.0001 in., to make the engineering of 
said parts easier. This is costly and 
usually unnecessary for the manufac- 
turer. An important step in the design 
of instruments is first to establish stand- 
ard center-distances for gears, shafts and 
pinions. When this has been ac 
complished wider tolerances can be es 
tablished on integral parts. The follow 
ing sketches show a simple method of 


doing it, as used by the Waltham Watch 
Company. 
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As an example, Fig. 1A shows two 
plates to be used to hold a train of gears. 
The three center-distances are marked 
a, b and c. By using a compound die to 
blank and pierce holes 1-2-3, the part 
shown in Fig. 1B is produced. Holes 
1-2-3 are used as pillar holes on screw- 
ing or riveting locations and are so 
dimensioned that they can be easily 
pierced. A die is then made to pierce 
at one setting the three center-distance 
holes. locating them from holes 1-2-3, 
giving the part shown in Fig. 1C. Thus 
tolerances within 0.0005 in. to 0.0010 in. 
variation can be successfully maintained 
on center-distances. 

In overcoming this problem of ac- 
curate center-distances, where the ma- 
terial to be pierced in the second die is 
thicker than 24% times the diameter of 
the holes, a preceding drilling operation 
is necessary. The holes should be drilled 
within 0.0003 in. to 0.0007 in. of the 
finished size, allowing a few ten 
thousandths for trimming or shaving. 

Before the development of methods to 
produce highly accurate center-distances 
the errors in center distance had to be 
compensated by extra highly accurate 
gear and pinion assembly and the total 
run out allowable for a gear and pinion 
assembly was therefore only 0.0005 in. 
to 0.00075 in. Now tolerances on in- 
tegral parts can be as much as 0.001 in. to 
0.002 in., which increases production 
and lowers cost. This applies equally 
well on pinions required to rotate around 
their central axis in bearings already 
provided. The sizes of the holes when 
shaved remain constantly within 0.00025 
in. to 0.0005 in. variation in diameter. 
Therefore, pivots for these parts may 
vary from the original set-up tolerances 
of 0.0002 in. to 0.0005 in. to between 
0.001 in. and 0.002 in., making it possible 
to reduce the cost of the parts apd to 
speed up production. 


Another important feature in a train 
of gears after eliminating close toler- 
ances as described above, is to establish 
enough room between gears to allow 
wabble, as shown in Figs. 2 and 3. In 
Fig. 2 dimension A shows the greatest 
amount a gear will wabble when given 
+0.010 in. to —0.010 in. wabble toler- 
ance. This then requires approximately 
0.050 in. clearance distance between the 
two parallel gears. And as shown by 
dimension C it is also a safe policy to 
allow an equal amount of clearance for 


the gear nearest the side or end of the 
instrument. 


Fig. 3 illustrates a condition which 
entails added expense in manufacture. 
In watch manufacture, space is at a 
minimum and, in many cases, clearances 
of from only 0.0005 in. to 0.001 in. be- 
tween gears is not uncommon. It is im- 
portant to note that wherever extremely 
thin fiber or bakelite gears are to be 
used, clearance must be provided for an 
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even greater wabble because of the high 
moisture absorption of the material 
which might cause warping or twisting 
when the gear is mounted. 

In many instances engineers use the 
werd finish as promiscuously as any 
other limit of the piece or part. Finish 
today is becoming so important that it 
is hoped a national standard of finishes 
will be established and used universally. 
The word “polish” is often used on 
drawings. To be extremely conservative, 
there are probably ten or more different 
polishing qualities that can be dis- 
tinguished by a mere ten-power glass. 
Actually there may be as many as fifty 
more. Some engineers use the notifica- 
tion “mirror finish.” This again is not 
explanatory or foolproof. A diamond 
cutting of non-ferrous metals is an ex- 
ample of mirror finish and yet it is 
usually much rougher, electrically gaged, 
than “Superfinish.” The one and only 


. Holes a-b-c, 
shave approx. 


way of indicating on a drawing the 
type of finish in a manner which is clear 
and precise to the watch manufacturer is 
the wording used by some, “Polished 
similar to watch pivots.” Whenever 
ordering work of this type in which 
finish plays an important part it is more 
practical to furnish a sample showing 
the finish which is acceptable. This then 
gives the contractor a positive example 
of the finish desired on.the part and 
may mean the difference between an 
intelligent cost quotation or one which 
may appear to be ridiculous. 

Materials to be specified for the part 
can be more practically determined by 
the engineer designing the instrument 
than by the manufacturer. In passing 
it might be helpful to note that 70 per 
cent of all extremely high quality pre- 
cision parts such as shafts, arbors, small 
gears and pinions are successfully pro- 
duced in 0.90 carbon drill rod, hardened 
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Undercutting of underside 
of head allows short lead 
of die to advance and make 
a full thread for a distance 


slightly beyond plane of 
underside of head 


z Countersunk 
tapped hole 





and tempered to approximately 550 deg. 
F. This allows the piece to be machined 
in the “soft” or normal stages but it is 
still possible after hardening and temper- 
ing to stake it to a component part. 

Similar parts that have been en- 
gineered in the lower carbon grades such 
as X1112, or others that are case hard- 
ened, are difficult to finish because of 
the uneven qualities of the hardened 
surface. Many of the finishing or pol- 
ishing operations reduce the hardened 
“skin” or surface to the soft stage, 
making the part unusable. 

With beryllium copper or similar ma- 
terials the machining qualities are so ex- 
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Conventional method of 
undercutting 1⁄2 to 2 threads 


permits turning screw all 
the way into tapped hole. 


„ Head undercut 


Screw with full thread up to 
distance within V2 thread of 
underside of head. 
Countersunk hole allows head 
to seat flush. 


Right 
FIG. 10 


tremely poor that the cost of parts made 
from this material is almost prohibitive. 
Beryllium copper has been machined 
successfully only by tungsten-carbide 
tools. A free machining monel metal, 
although not too easy to machine, pro- 
duces fine quality parts at approximately 
the same cost. 

Corners at bearing or thrust shoulders 
on shafts should be sharp and square. 
If filleted, it will be practically impos- 
sible to have a surface to surface bear- 
ing between the thrust shoulder and the 
plate against which it bears. The non- 
fitting fillets will tend to collect dirt or 
abrasive substances and cause scoring. 
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Two methods, Figs. 4 and 5, show 
successful designs for bearings and 
pivots for rotating shafts which must 
have adjustments for thrust. 


Fig. 6 shows the conventional and 
most common method of undercutting 
1% to 2 threads under the head of a 
screw in order that the screw can be 
turned all the way into a tapped hole. 
In watch making parlance this operation 
is usually called nicking or grooving. 

Fig. 7 shows how the same effect as 
obtained by undercutting the threads 


can be obtained by undercutting the 
underside of the head of the screw 
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allow the short lead of the die to ad- 
vance further and thereby make a full 


thread for a distance slightly beyond the 
plane of the underside of the head. 

Fig. 8 shows a screw with full thread 
up to within 44 threads from the under- 
side of the head. The hole for the 
screw must be chamfered to allow the 
head to seat flush. 

Fig. 9 illustrates a part as specified 
by the customer who wanted a gear and 
shaft assembly of two parts of the same 
material. This proved to be unsuccessful 
because the gear being large and the 
shaft being small, there was not enough 
for staking and the wheel ran out of 
true beyond any reasonable tolerance. 
Generally, it is unwise to stake like ma- 
terials together, especially where rigid 
keying effect is wanted. 

Fig. 10 shows the elimination of the 
trouble through the addition of an extra 
part of brass which more than doubled 


the area of contact. After pressing the 
brass bushing into the stud wheel and 
boring the hole true with respect to the 


wheel ©.D., the wheel was then as- 
sembled to the shaft successfully. 
Knurling or splining shafts in similar 
assemblies is good practice, wherever 
tight fit is important. 
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BALANCE PLUG 


Fig. 11. To save expense and to in- 
sure high production when a keying 


arrangement is desired on a small pinion 


and wheel assembly it will be well to 
design the root diameter of the pinion 
so that when the staking shoulder is 
turned there is enough solid rim remain- 


ing for the spline in the bore of gear. 


Figs. 12 and 13 show typical engineer- 
ing for minimum cost and maximum pro- 
duction. Fig. 12 shows the design as 


submitted by the customer. The shaft 


is turned from square extruded stock, 
the square being used as a keying 
arrangement. Fig. 13 shows the simpli- 
fied method which, by adding one opera- 
tion, greatly reduced cost. 


Fig. 14 shows length added to the 
shoulders so that turning burrs remain 
on the pinion but are in such a location 
as to be harmless. If these burrs must 


be removed the cost of producing the 


part becomes greater. When designing 
the tooling for turning pinion rod it is 
safe to say that a tool which is designed 
so as to start the cut below the root 
diameter and progress to the desired 


length can be driven to the maximum 
production limitations of the turning 
tools themselves. If a plunge cut or 
forming cut is used it is wise to retard 


Typical Examples of Precision Parts 
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Thread 100 per inch, 


(% steel rod; heat-treat and case-harden ) 


| 0A!" cham 
/ 0037" “$oor 


O92 4, W922” 29.0005" 
7} 0.196" 22001" 


DP. 625 
P.D. 0.192” 20° Inv. 
Depth of cut 0.047", 0.001” 
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the cutting speed at least two or three 
times until the tool is cutting below the 


root diameter. The cutting can then be 
done at maximum tool speed until the 
final diameter is obtained. 

It is well for the engineer to remem- 
ber when designing precision instru- 


ments to simplify as nearly as possible 


the gear reductions so that not too 
great a number of teeth need be on any 
one wheel or gear. Qn the other hand, 


small pinions and small gears are dif- 
ficult to produce where less than 10 to 


11l teeth are required. In watch work it 
is sometimes necessary to have pinions 
with as few as six teeth. Less than nine 


teeth are not recommended. When the 
gear train reduction has been worked 
out, the next step is to consider the 
shape and size of the instrument, keep- 
ing in mind some method to hold stand- 
ard center distances or location. 

Last but not least, because of the 
highly specialized nature of this work, 
it will also be found that consultation be- 
tween the engineers of the parts manu- 
facturer and the engineers designing the 


parts is of a mutual benefit. Many times 
the parts manufacturer will suggest mod- 
ifications of design which will benefit 
both parties in reducing cost and im- 
proving quality of the precision part. 
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Total angular movement of follower arm 

Any angular position of follower arm 

Total angular movement of cam to give y angular movement 
to follower arm 

Any angular position of cam to give angular position 8 to 
follower arm 

Radius of base circle 

Radius vector of path of center of follower 

Vectorial angle of radius R = a + y , 

Angle between tangent to path of center of follower and R 

Pressure angle 

Distance between center of swing of follower arm and center 
of cam 

Length of follower arm 

Angle between C and initial position of M 

Angular velocity of cam 
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pamapa for determining motion fac- 
tors for cams with radial followers, 
and for cams with offset followers, with 
an analysis of each type were presented 
in the May 1940 number of Propuct 
| ENGINEERING. It should be emphasized 
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again that the author does not wish to 
give the impression that the four types 
of base curves discussed are suitable to 
meet all cam designs, nor that they are 
necessarily the best that can be devel- 
oped. They are merely curves which can 
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be used successfully in most cam de- 
signs. As cam cutting methods improve 
and designers realize the advantages 
which can be gained by using one type 
of cam curve in preference to another, 
better cam curves may be developed. 


CYCLOIDAL 


ý (Ka — sin Ka)/2 x 


360° 
0 





[ y (Ka — sin Ka)/2 x7] +¢ 
CG? + M?—2CMcosA 


CMK y (1 — cos Ka) sin A 
2r R 


iF ' K y (1 — cos Ka) {M? — CM cos A} 
2r R 


KCMR (1 — cos Ka) = sin A 


R = K 3+ (1 — cos Ka) {M* — CM cos A} 


K*CMy (1 — cos Ka)? {R? cos A — CMK sin? A} 
R? 


CM cos B\}|  ¥K E (1—cosKa)* KCMsinA (C?—M?*) +RsinKa 1M- CMcosa} 


Rt 


RF kK#a — cos Ka) fa ü cm om a | 
CMK Ya — cos Ka) sin A 
2r 


C sin A 


180° — » — sin R 


y Kaw (1 — cos Ka)/2 r 


¥v K*.? sin Ka/2 r 


When swinging follower arm is mounted so that the extremities of arc of 
—- travel of roller center are on a radial line as shown 
9 
+2 dR € = a — y when cam is “ running off ” 
d e € a + y when cam is ~“ running on ” 


When follower center moves on an arc which when continued passes 
through the center of the cam 


d R i 
d a e 


The cam is 
* running on 


” 


a + y when cam is 
a@ — y when cam is 


“ running off” 
when in compression 


‘ 


‘ running off ” 
‘ running on ” 


é 


when the follower arm is in tension, 
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STRESS-STRAIN ANALYSIS 


From Crack Formations in Brittle Lacquer Coatings 


HAPES of structures or methods 

of construction which combine the 

optimum of efficiency in load carry- 
ing with low costs are often difficult to 
determine or select on the basis of such 
data that are available in a paper draw- 
ing. Many times the results of a quick 
qualitative test would yield sufficient in- 
formation upon which to base a sound 
decision. For example, one manufacturer 
quickly checks the proposed shape of 
valves by studying the proper cross- 
section in a comparatively simple photo- 
elastic test set-up. Here the prime in- 
terest is to get a valve of such shape 
that there will be no excessive stress 
concentration. No complicated set-ups 
are used, the parts are bent by hand 
and the stress bands observed in a 
convenient mirrror. If necessary, the 
final shape can be treated to more ex- 
haustive analysis. 

Not all structures, however, lend them- 
selves conveniently to photo-elastic study. 
Usually in three dimensional structures 
the distribution of stresses around some 
sections is often in doubt. Even the 
shortest length strain gage may be too 
long to show accurately the amount or 


STRESSCOAT LACQUER 
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Fig. 1—Chart for selecting the correct 
lacquer to suit humidity and temperature 


266 





direction of stress. If a box section with 
a curved surface, such as fillet, or with a 
corrugated surface is under test the job 
of determining stresses and their direc- 
tion is practically impossible with stand- 
ard strain gages. A satisfactory study 
could only be made with a great many 
strain gages of very short gage lengths. 
The maximum results would be obtained 
if the entire surface could be covered 
with a “skin” of infinitesimal gages giv- 
ing an infinite number of readings. The 
nearest approach to this ideal would be 
a coating which would indicate the 
amount and direction of stress by some 
change in its form. 

The spalling off of the brittle oxide 
scale on hot-rolled or annealed steel has 
long been used as an indicator of local 
strains which are high enough to ex- 
pose the metal beneath the oxide. White- 
wash is used frequently to increase the 
visibility of the disturbed area. How- 
ever, the oxides spall in an irregular pat- 
tern and only indicate areas of plastic de- 
formation. 

It is often important not only to have 
an indication of the areas of high strain 
but also to have indicated the direction 


of the greatest strain. A brittle coating 
to be a strain indicator, therefore, should 
have the additional property of adhering 
firmly to the surface while fracturing 
within itself. Anodic coatings on alumi- 
num alloy parts exhibit these proper- 
ties. While not sensitive to low stresses 
anodic coatings are useful for indicating 
high stresses particularly at the point 
where plastic deformation begins and 
where high stress concentrations occur. 
Experiments with varnish, lacquers 
and hot resin coats began both here and 
in Europe about 1927 and showed some 
good qualitative results. Descriptions 
of these early experiments were pub- 
lished by Dietrich and Lehr, “Das 
Dehnungelinierverfahren,” Zeitschrift des 
Vereines Deutscher Ingenieure, October 
8, 1932. These coatings had the desired 
properties of indicating the direction of 
strains and stresses within the elastic 
range of the underlying material. Qual- 
itative pictures of areas of maximum 
tensile strains and their directions shown 
by cracks which ran perpendicular to 
the principal tension strain were used 
as a basis for the location of special 
short gage-length optical strain-gages. 





Fig. 2—Calibration strip, calibrator and strain scale used in brittle lacquer strain test 
ing and analysis. A calibration strip is sprayed and dried simultaneously with the 
structure that is to be tested. The strip is loaded as a cantilever beam in the calibrator 
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\t the Massachusetts Institute of 
Technology, in 1937 research work was 
begun to produce lacquers and methods 
of calibration which might allow quan- 
titative measurements to be made by the 
use of the brittle coating alone. One 
outstanding objective was the formula- 
tion of a lacquer which would, on dry- 
ing, form a sensitive coating that would 
be uniformly brittle over a practical 
range of thickness; since the remaining 
alternative of applying a uniformly thick 
film of lacquer over the surface of an 
irregularly shaped body would be ex- 
tremely difficult to attain. 

Air drying lacquers were developed 
which could be sprayed on a surface 
which after drying over night would be 
ready for tests. Experiment indicated 
that to obtain satisfactory results under 
different atmospheric conditions of tem- 
perature and humidity a graduated series 
of brittle lacquer was required. Eleven 
types of lacquers (Stress coat Nos. 664- 
674) are used depending on prevailing 
humidity and temperature. The chart 
Fig. 1 shows the correct lacquer to use. 

Coatings begin to fracture at about 
0.007 in. per in. strain. A recognizable 
variation of crack pattern is produced 
up to about 0.0012 in. per in. strain under 
normal test conditions. In steel these 
values represent a stress at the first 
fracture of about 20,000 lb. per sq.in. 
with the pattern changing until a stress 
of about 35,000 lb. per sq.in. has been 
reached. Above that limit the crack 
pattern changes so slowly that the rec- 
ognition of the amount of strain becomes 


Fig. 3—Comparing check pattern on cali- 
bration strip, after loading in calibrator, 
with strain scale 
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Fig. 4—Apparatus necessary for conducting strain analysis studies with brittle lacquers 


difficult. The sensitivity of the coatings 
may be increased by temperature manip- 
ulation. For instance, a coating dried at 
75 deg. F. and tested at 68 deg. F. 
would begin to fracture on steel at about 
12,000 lb. per sq.in. stress. Surface 
finish has a negligible effect on the 
sensitivity of the brittle coating. 

Since the range of strains that can be 
evaluated is smaller than the range 
present in most structures, a complete 
strain analysis must be obtained by ap- 
plying Hooke’s Law. In general, Hooke’s 
Law is a good approximation of the per- 
formance of the entire structure and by 
measuring local strains at different values 
of loading, the local strains for any 
other value of loading can be obtained 
by interpolation or extrapolation. For 
example, a fillet which shows 0.0008 in. 
per in. strain with 1,000 lb. load on the 
structure is known to have 0.0016 in. per 
in, strain under a 2,000 Ib. load. 

While the brittle coating is not affected 
by compression strains it is still possible 
to evaluate them. In studying com- 
pression stresses the elastic structure is 
placed under maximum load and the 
brittle coating applied to the surface. 
The test is then run by relaxing the loads 
from their maximums causing the coat- 
ing to crack in a manner very similar to 
that for the evaluation of tensile strains 
by the addition of loads. 

The brittle coatings provide a large 
number of principal tension strain indi- 
cators with a minimum gage length of 
the order of 0.05 in. with a workable 
range of approximately 0.0007 to 0.0012 
in. per in. strain. In both tension and 
compression testing the amount of strain 
is evaluated by calibration. A calibra- 
tion strip, see Fig. 2, is sprayed and dried 


simultaneously with the structure that is 
to be tested. The strip is loaded as a 
cantilever beam in the calibrator. A 
close-up of a previously loaded calibra- 
tion strip placed in a strain scale is 
shown in Fig. 3, the scale is marked 
with the strains corresponding to the 
calibrator loadings. The regularity of 
the crack pattern on the tested structure 
and on the calibration strip are matched 
to permit direct evaluation of the strains 
on the structure without counting the 
number of lines. 

Rate of loading seems to have little 
effect on the crack pattern provided the 
maximum load is reached within 10 min. 
Since considerable time is usually re- 
quired for inspecting new crack forma- 
tions during loading, a convenient 
method is to load until a general inspec- 
tion is desired and return the load to 
zero during the inspection, after which 
the load can again be applied. Pre- 
liminary tests indicate that the coatings 
react normally at high rates of loading 
even into the impact range. However, 
more exact measurements will have to 
be made before it is certain that the 
strain sensitivity remains fixed. 

A spray gun is best for applying the 
lacquers. It has been found that the 
clouds of bubbles, formed in the lacquer 
coating by the action of the gun, aid 
materially in causing more uniform 
cracking. If the surface is not naturally 
reflecting, a specially prepared alumi- 
num-pigmented lacquer is used as an 
undercoating, because a bright surface 
beneath the brittle coating is needed to 
make the cracks visible. 

The apparatus required for the brittle 
lacquer method of strain analysis is 
shown in Fig. 4. The equipment in- 
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Fig. 5—Cracks in lacquer coat indicate 
strains at bottom of a circular saw tooth 
caused by loading 


cludes: spray-gun, air regulator, psy- 
chrometer, calibrator, calibration strips 
and scale, lacquers, lacquer selector chart 
and psychrometer chart. 

When the correct lacquer has been 
selected according to temperature and 
humidity the temperature of the struc- 
ture and coating should be held fairly 
constant. Parts should not be subject 
to sudden temperature variations of 
more than 5 deg. or a slowly acting 
change of more than 10 deg. F. while 
drying. These same limits should not 
be exceeded during the test. 

This method of testing with brittle 
lacquers has been successfully applied 
in static tests of airplane engine con- 
necting rods, pistons and other parts, 
welded sections, tanks and pressure 
vessels, valves and pipe fittings, wrenches, 
rotating saw blades, three dimensional 
celluloid models of large structures and 
other structures of practical importance 
varying in size from 14-in. diam. spot- 
welds to 60-ft. long pressure tanks. A 


few of these applications are shown in ‘ Fig. 8—Section of a celluloid model of a deck beam 
Figs. 5 to 9 inc. Observation of the of a ship, cracks in coating indicate strain 
start and growth of these patterns as 


the loads on the structures increased is 
of greater value than simply the final 
pictures as shown here. 

On areas of moderate strain concentra- 
tion, values of principal tension and 
compression strains may be estimated 
within an error of about 15 per cent by 
this method. On complicated structures 
the error may be as much as 25 per cent, 
but even that may be better than the 
results of other approximate solutions. 
The direction of principal strains is 
indicated with exceptional accuracy. 
When more intensive study is desired 
the qualitative picture of areas and 
direction of principal strains provides an 
excellent aid for placing instruments of 
higher precision at the critical points 
to be investigated. While but few at- 
tempts have been made to apply this 
method to tests of parts under dynamic 
loads it appears quite useful as a quali- 
tative check of a structure. One of the 
most interesting features of the method 
is the fact that cracks form in the brittle 
coating during static test at those points 
where fatigue cracks are most likely to 
form in the structure under the dynamic 


Fig. 7—Crack patterns indicat- 

ing strains on a bourdon tube, Fig. 9—Strain pattern of plate with hole, after tension 
(a) tension side of tube, (b) test. Coating cracks show the uneven distribution of 
loading of actual operation. compression side of tube strains around hole in thin plate specimen 
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PRODUCT FINISHES—III 


Causes and Remedies for Finishing Troubles 


GORDON H. ROBERTSON 


Sherwin-VW illiams Company 


HE object of the series, of which this fies product finishes so that he may proper cleaning and treatment of sur- 
is the final installment, is to facili- quickly detect causes of defects and sug- face before applications will avoid later 
tate the work of the engineer who speci- gest remedies. Of primary importance, complications in many cases. 





18. Discoloration 


CAUSE REMEDY 


A. Over-baking in either time or temperature. A. Check oven temperature carefully. Sometimes oven recorder 
g A 

is out of order and should be checked either by the oven manu- 
facturer or your finishes engineer. 


B. Presence of foreign vapors. B. Investigate the nature of any vapors which might be present. 
It will then be necessary to shield off the vapors from contact 
with the finish or if contact is unavoidable, you should consult 
the finish manufacturer for proper recommendation to meet the 











hazard. 
19. Excessive Print 
CAUSE REMEDY 
A. Insufficient drying time. A. Allow longer air drying. 
B. Under-baking. B. Bake more thoroughly, check ventilation of oven. 
C. Too heavy a coat. C. Apply lighter coats. 
D. In some cases, the addition of too much drier actually retards D. Cut down on drier addition. Check to be sure that correct 
drying of film. drier is being used. 
E. Slow drying due to poor drying conditions. E. See reference to “ Non-drying or Poor Drying.” 
20. Dirty or Seedy Finish 
CAUSE REMEDY 
A. Unclean conditions of application A. Cleanliness. 
1. Dust in paint room. Rearrange equipment so that any spray dust from booths does 
2. Dirt in air or paint lines of spray apparatus. not reach drying chamber. 
B. Improper solvent which tends to throw resin out of solution. B. Use the proper recommended thinner. 
C. Material has been subjected to extreme cold which tends to C. Allow material to reach 75 deg. F. before applying. If still 
throw some particles out of solution. seedy, consult the finish manufacturer. 
21. Orange Peel 
CAUSE REMEDY 
A. Use of improper solvent for prevailing temperature condition. A. Choose a solvent which will allow greater flow. 
B. Improper handling of spray equipment. B. Adjust air pressure and fluid flow and be sure that gun is held 


at proper distance from work. 


C. Application of too thin a film not allowing proper flow. C. Apply heavier film. 





22. Oil-Bloom of Lacquers 


CAUSE REMEDY 
A. Rubbing down with oil before lacquer is thoroughly dry. A. Allow longer drying time. Bloom can be removed sometimes 
Absorbed oil floats to surface later. by washing with gasoline or spraying thin coat of clear. Allow 


to dry and re-rub. 
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23. Blushing of Lacquers 
CAUSE 


A. Separation of cotton due to: 

1. Humid weather. 
. Drafts. 

3. Poor thinner. 
. Lacquer sprayed when cold. 
. Damp spray rooms (generally concrete floors at ground 
level). 
. Moisture in spray equipment. 


24. Gum Blush or Haze of Lacquers 
CAUSE 


A. Incorrect thinner (not necessarily a cheap one). 


25. White Spots 


CAUSE 


A. Water mixing with the lacquer either through the separator or 
by not having the surface dry. 


26. Brown Spots 
CAUSE 


A. Oil coming through separator. 


27. Pin Holes or Bubbling 
CAUSE 
A. Drafts which cause surface drying and force the solvent to 
break through that surface film in order to evaporate. 


B. Fine drops of moisture coming through separator in spray 
apparatus. 


C. In the case of woodfinishing, either the solid wood or the veneer 
may be improperly kiln dried. 


D. Thinner evaporates too fast. 
E. Porous surfacer or fillers. 


F. Incomplete drying of filler. Strong solvent in finishing coat 
tends to react with undried filler. 


G. Spots of grease on surface. 


H. Material applied while frothy, following violent agitation. 


28. Wrinkling of A Smooth Enamel—Gas Checking 
CAUSE 

A. Too heavy a coat. 

B. Addition of too much drier . 

C. Some materials may not satisfactorily be applied in the sun. 


D. Foul ovens cause some materials to gas check. 


29. Bleeding 
CAUSE 


A. Organic red pigments or various dyes used in stain or under- 
coats have not been sealed properly. 


REMEDY 


A. A combination of factors tend to cause blushing and, likewise, a 
combination of factors may be used to remedy the difficulty. 

1. Close windows, and add retarder to thinner or use a better 
one. 

2. Bring the lacquer to room temperature. 

3. Blushing caused by condensation of water and subsequent 
evaporation from cold spray rooms can be avoided by warm- 
ing up the room. 


REMEDY 


A. Use the correct thinner as recommended by manufacturer of 
the lacquers. NOTE: Both blushing and gum blush can almost 
always be removed on finished articles by spraying a thin coat ‘of 
No. 10 or reflow thinner over the affected parts. 


REMEDY 


A. Clean air line and separator. Be sure surface to be finished is 
dry. 


A. Cleanliness. 


REMEDY 


A. Avoid drafts. 
B. Clean spraying equipment. 
C. Only solution is to cure wood properly. 


D. Use slower thinner. 
E. Use tighter surfaces or else seal it before applying finishing coat. 


F. Use a faster drying filler or allow greater drying time or arrange 
to dry at elevated temperatures. 


G. Clean surface carefully. 


H. Allow froth to subside ‘before applying. 


Remepy 
A. Apply light coat. 
B. Use less drier. 
C. Apply in shade. 


D. Improve ventilation of oven and adjust the gas and air mixture. 


REMEDY 


A. Best remedy is to avoid use of bleeding colors. Where bleeding 
colors have been used, a shellac type sealer usually tends to seal 
the bleeding better than varnish or lacquer type sealers. 


rr o 
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OWNERSHIP OF PATENTS 


HO owns a patent? That is a 

critical question that results in 

more controversy, misunder- 
standing and bad feeling in a company 
than any other single question dealing 
with patents. 

The rules of law involving the owner- 
ship of patents have been frequently con- 
strued by the Court. These legal guide- 
posts are fairly plain to the initiated, but 
very confusing to those who do not know 
the underlying philosophy upon which 
these decisions are based. Most of these 
decisions of controversies over patent 
ownership have been carefully thought 
out and are based upon the long-term 
experiences of the public with the ques- 
tion of the ownership of patents. Most 
of the decisions, strange to say, are in 
the end fair, although they may do indi- 
vidual injustices in the application of the 
rules, as happens with all legal settle- 
ments of disputes. 

Some idea of the complication of the 
questions arising can be gained from 
considering what the various aspects of 
the question are. If an inventor is em- 
ployed by a company, but is not in a 
position where he is required to invent, 
is there any different rule applying to 
him than to a man who is hired to invent? 
Is there any different rule if the man is 
an executive rather than just a salaried 
employee? Suppose the idea is developed 
on company time, but the experimental 
work and the reduction to practice of a 
successful model, or the testing, is done 
at the inventor’s expense. Who owns the 
invention under such circumstances? 

The fundamental conditions of em- 
ployment, which must be considered in 
applying the legal rules are: 

l. Was the inventor employed to in- 
vent? 

2. Did the employee have a contract to 
assign his inventions? 

3. Is the inventor an executive of the 
corporation claiming the invention? 

4. What is the position of the employee 
without a contract to assign inventions in 
line of manufacture of the company, 
who does all the work on the invention 
on his own time and at his own expense? 

5. What is the situation where the em- 
ployee has a contract to assign his inven- 
tion, but invention is outside the com- 
pany’s line of manufacture? 

6. What is the situation with an execu- 
tive with no contract to assign inventions 
and the invention is outside of the com- 
pany’s line of manufacture? 

Some of the fundamental kinds of own- 
ership that arise in connection with this 
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matter which must be taken into con- 
sideration other than the nature of the 


employment are these: 


a. Outright ownership by employer. 
b. Non-exclusive license to employer. 
c. Shop right to employer. 

d. No ownership in employer. 

e. Exclusive ownership in the em- 
ployer. 

One of the critical questions to be 
considered is whether the inventor was 
doing the work upon the company’s 
time or upon his own time, and whether 
he did the experimental work and the 
final building of the completed apparatus 
at his own expense or at the company’s 
expense in the company’s plant. Right 
here it would be wise to define what 
is known as a “shop right.” This is the 
right of a company to continue the manu- 
facture, use and sale of an invention 
in the particular shop in which the em- 





A fair and square contract, written up 
when the inventor is hired, is the best 
way to forestall ownership arguments 


ployee was located when he made the 
invention. Such a right is personal to 
that particular shop and 
when the shop is moved. 
In Heywood-Wakefield Company v. 
Small, 87 F. (2d) 716, Small was em- 
ployed as a draftsman and later was 
promoted to the position of checker for 
the employer company which manufac- 
tured car seats for trolley cars and rail- 
road coaches. The terms of his employ- 
ment contained no reference to inven- 
tions. “. . . The plaintiff knew that the 
car seat base then manufactured by the 
defendant was unsatisfactory. The plain- 
tiffs invention, however, was suggested 
to him by the mechanism of an electric 
toaster at his home. He 


disappears 


worked on 


his idea at his home out of working 
hours and finally evolved what he con- 
fidently believed to be a satisfactory 
reversible car seat base. He made a 
blueprint and a cardboard model of his 
invention which he brought in and showed 
to Mr. Eickel, the head man in the check- 
ing department. . . . The next morning the 
plaintiff brought in what is termed a 
‘cigar box model, which the plaintiff 
had made at his home from thin board. 

“Defendant’s engineer advised him to 
put it in as a suggestion, to which the 
plaintiff replied that he did not consider 
it a suggestion and that he was not going 
to put it in until he knew what he was 
going to get for it. 

“When, however, the officials of the 
defendant company had satisfied them- 
selves that his invention was practical and 
solved their problem, they made every 
effort to secure an assignment of his pat- 
ent, and, failing in that, sought to claim 
an absolute ‘shop right’.” 

The Court found that “. . . The record 
does not sustain the defendant’s conten- 
tion that it was entitled to a ‘shop right,’ 
as a matter of law. . . . It follows that the 
defendant was not entitled to an assign- 
ment of the patent.” 

Then, too, one of the important factors 
is whether the invention is within the 
line of the company’s manufacture, or 
whether it is an invention outside of that 
line. Often times, this is a critical ques- 
tion and the controversy arises because 
the company wants to go into new lines, 
although it had not been manufacturing 
that particular subject matter at the time 
the invention was made by its employee. 

Generally speaking. the law resolves all 
doubts in favor of the inventor on the 
theory that it is harder for the indi- 
vidual employee to take care of his in- 
terests than for the corporation that 
can afford to secure proper legal advice 
and enforce the contracts at the time of 
employment or later relative to inventions 
if it desires to do so. The general theory 
is that if the corporation is not diligent 
in having proper contracts with its em- 
ployees, that is its fault and the doubts 
will be resolved against it in the case 
of a controversy between it and its 
employees over inventions. 

In this connection, the opposite rule 
applies where the employee is an execu- 
tive. The Courts then say that the execu- 
tive is one who is in a position of trust 
and cpnfidence and all doubts should be 
resolved against him because he really is 
in a position superior to that of the cor- 
poration as one of the managers of the 





corporation. He is in a position of trust 
and confidence for and on behalf of the 
stockholders: and, therefore, every pos- 
sible doubt should be resolved against 
him as to the ownership of inventions. 

It is generally presumed that if one 
who is in an executive position, even 
though he has no contract to assign in- 
ventions, should make an invention that 
that invention, if within the line of the 
company’s production, belongs to the 
company. It is assumed that the executive 
got his ideas from the company employees 
and from the company business; and not 
being in the business of inventing, if he 
is fortunate in making such an invention, 
it really belongs to the company. 

The accompanying chart shows how 
complicated the ownership of patents 
may be. As further illustrative of these 
legal conditions, take a few typical cases. 

In Standards Parts Company v. Peck, 
264 U.S. 52, Peck agreed by the terms 
of a make certain 
developments in with the 
“front spring now used on the product 
of the Ford Motor Company.” The Su- 
preme Court stated: “By the contract 
Peck engaged to ‘devote his time to the 
development of a process and machinery’ 
and was to therefor a stated 
compensation. Whose property was the 
‘process and machinery’ to be when de- 
veloped? The answer would seem to be 
inevitable and resistless—of him who 
engaged the services and paid for them, 
they being his inducement and compensa- 


contract to 
connection 


written 


receive 


tion. they being not for temporary use but 
perpetual use, a provision for a business. 
a facility in it and an asset of it, there- 
fore, contributing to it whether retained 
ose... (pp. 59-60. ) 

In Lambert Tire & Rubber Co. v. Bru- 
baker Tire Co., 5 F (2d) 414, the Court 
said that the equitable title to an inven- 
tion conceived by an employee on his 
own time, and at his own expense. be- 
longs to him. “. . . In relation to patent 
1,414,252, no evidence was offered tending 
to prove that plaintiff paid Brubaker for 
the time employed by him in developing 
and perfecting the tire of this patent, 
or that it paid any part whatever of the 
expenses incident to its development. On 
the contrary, it appears from the uncon- 
tradicted evidence that Brubaker paid 
for the molds and rings and took them 
to plaintiff's factory and paid plaintiff 
for the manufacture of the experimental 
tires. These facts are wholly inconsistent 
with the claim of plaintiff that Brubaker 
was developing this tire for its use and 
benefit and at its expense. It is also clear 
that the Draper design and Lambert 
1,386,513 are wholly unlike the tire of 
the Brubaker patent. In view of the then 
state of the art, it is not probable that 
either of these furnished a basis or sug- 
gestion for this invention. 

“.. . In the opinion of this court the 
evidence in this case wholly fails to 
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establish that drawings of the Lambert 
patent, No. 1,386,513, or the Draper 
design, furnished to Brubaker the basic 
idea upon which and by which he was 
enabled to develop the tire of patent 
1,414,252, or that there was any contract, 
either express or implied, between the 
plaintiff and Brubaker that would entitle 
plaintiff to the property in the Brubaker 
invention.” (P. 416.) 

In Guth v. Minnesota Mining & Mfg. 
Co., 72 F. (2d) 385, a research engineer 
executed a contract obligating himself to 
assign “(a) all my rights to inventions 
which I have made or conceived, or may 
at any time hereafter make or conceive, 
either solely or jointly with others, relat- 
ing to abrasives, adhesives or related 
materials, or to any business in which said 
company during the period of my em- 
ployment by said company or by its 
predecessor or successor in business, is or 
may be concerned... .” 

It was his duty to solve problems pre- 
sented by the tearing of paper tape when 
being unwound from a roll and to re- 
duce the cost of the manufacture of 
this tape. In the course of his employ- 
ment he was sent to Wisconsin to study 
methods of can drying which differed 
from the regular “procedure of tungsten 
drying of adhesive creping” on which he 
was regularly engaged. Following his 
trip, experiments were continued on can 
drying by the employer and a new prod- 
uct resulted. After Guth left his posi- 
tion, his former employer asked him to 
execute an application covering said new 














product, which Guth refused to do, 
claiming he was not the inventor of it. 
His contract was brought before the 
court for interpretation and the Court 
said: “(2) Upon the facts peculiar to 
this case we are convinced that those pro- 
visions of the contract which were limit- 
less in extent of time and in subject mat- 
ter of invention were contrary to public 
policy. Guth was a chemical engineer. He 
was more or less successful in research 
work, as is shown by the fact basis of 
this litigation. He was a research man 
prepared to devote his life to discoveries 
of value to industry. Under this contract 
he was, however, if he worked in another 
laboratory or for another manufacturer, 
required to assign his discoveries to ap- 
pellee. This would effectively close the 
doors of employment to him. Until the 
end of the chapter he was compelled 
either to work for appellee or turn over 
the children of his inventive genius to it. 
Such a contract conflicts with the public 
policy of the land, which is one that en- 
courages invention and discourages the 
exclusion of an employee from engaging 
in the gainful occupation for which he 
is particularly fitted for all time, any- 
where in the United States. 

“Our conclusion is that, upon the show- 
ing made, appellant is not required to 
sign applications for United States Pat- 
ents on either of the two subject matters 
referred to in the evidence and plead- 
ings.” 

In Toledo Machine & Tool Co. v. Byer- 
lein, 9 F. (2d) 279, Byerlein entered an 
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employment contract for a stated term, at 
a stated salary, to act as employer’s 
chief engineer and “to assign any ideas, 
patents or patentable features that he 
may develop or invent pertaining to their 
line of product” to the employer during 
the life of the contract. The written con- 
tract expired and Byerlein continued his 
services under an oral agreement which 
was the same as his previous contract, 
except as to duration of employment and 
increased salary. He then conceived and 
developed an invention in line with his 
work and applied for a patent therefor. 
Later, he took a position with a competi- 
tor and his former employer brought an 
action to compel him to assign to it the 
application for the invention he made 
while in its employ. 

“(2) We do not consider the claim 
made by Byerlein that he developed this 
patentable idea at nights as of the slight- 
est importance. His salary was paid either 
for the year or for the month. Certainly 
under the written contract it would make 
no difference what time in the day or 
night such ideas were developed, and in 
the opinion of this court the terms of the 
oral contract under which Byerlein con- 
tinued in the company’s employ are ex- 
actly the same, except as to the duration 
of the employment and the salary to be 
paid.” 

In Dowse v. Federal Rubber Co., et al., 
254 F, 308, the main question before 
the District Court in Illinois was whether 
a patent, covering a method of reinforc- 
ing automobile tires, taken out by Dowse 


OF PATENTS 
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while president, general manager and 
a large stockholder of the defendant 
company, belonged to the corporation or 
whether the corporation only had a slop 
right. In the course of arriving at its 
conclusion the Court said: “As president 
and general manager of this corporation 
Dowse had sole, full, exclusive and com- 
plete control of its operation and man- 


agement. Had the invention af- 
fected only a detail or unimportant 


part of the corporate business, it is prob- 
able that plaintiff would be regarded as 
its owner, both legal and equitable. . . . 
Here the patent involved the very life of 
the corporation. It was developed by the 
whole corporate force as something ab- 
solutely necessary, under the supervision 
of the president, who was straining every 
nerve to make good. It entered vitally 
into the very business life of the com- 
pany, and was finally issued while plain- 
tiff was still drawing his salary, although 
no longer in control. Under the cir- 
cumstances it would be grossly inequit- 
able for plaintiff to retain title. . . . In 
the ordinary case a shop right to the 
corporation will satisfy all equitable de- 
mands; but here the new company’s 
title to that right would be quite doubtful. 
. .. There should be a decree sustaining 
the patent. and that the Federal Rubber 
Company is the equitable owner, entitled 
to have an assignment with costs against 
plaintiff.” 

In Bowen v. B. F. Goodrich Company, 
36 F. (2d) 306, the Court said that in a 
company where a system of “suggestions 
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and awards” is in vogue, the title is in 
the employer to an invention “suggested” 
by an employee who received an award 
therefor, where the invention was de- 
veloped in the employer’s plant, with 
the employer’s materials and at the em- 
ployer’s expense. The Court said: “(3-5) 
The courts have no right or power to 
set aside a contract that is fairly made 
because of inadequacy of consideration 
or improvidence of one of the parties; 
and there was a consideration for the 
contract—the awards. These awards may 
be assumed to be sufficiently inadequate, 
standing alone, to imply fraud, and yet 
they cannot be given that effect if appel- 
lant voluntarily entered into the agree- 
ment knowing what he was doing. He 
had the right. to be sure, to grant only 
a shop right. That existed, however, in- 
dependently of the execution of any 
papers. The fact that he executed papers 
indicates an intention to do more. He 
had the right to do this, to make a full 
assignment, according to the plant cus- 
tom, for the consideration of a certainty, 
the awards, rather than incur the ex- 
pense and take the chances of obtaining 
a patent and having it sustained. The trial 
judge thought from all the circumstances 
that that is what he did, and in our opin- 
ion the preponderance of the evidence is 
not against that view.” 


Conclusion 


It is wise in the light of the foregoing 
to take some timely precautions with 
respect to the ownership of inventions. 
In the first place, no company should 
employ anyone without having in writ- 
ing a contract as to just what is going 
to become of the inventions that employ- 
ees may make. This contract should be 
reasonable and limited as to time and 
scope, as well as subject matter, but it 
should clearly define the right of both 
the employer and the employee. 

Of course, if the employment is of 
outsiders, such as research laboratories, 
development organizations, or special 
model makers, or machine shops for 
making particular equipment, then the 
general contract of purchase of this 
service should contain suitable provisions 
for the disposition of the ownership of 
any resulting patents which may result 
from the ideas and developments involved 
in the transaction. 

If there is no contract, then we have 
to resort to the complicated legal con- 
siderations as indicated in the chart. 
Here the rules of law come into play 
depending upon the facts in each case. 
These disputes usually require settle- 
ment as a result of Court action, which 
is both tedious. expensive and uncertain 
in its result. It is much easier to fore- 
stall these difficulties by providing for 
the disposition of the right to inven- 
tions at the time the employment is un- 
dertaken. This should be by contract. 

































„ -Position -4 
finish machine 


Hydraulic 
distributor 


„Position -3 


semi- finish 


machine 
, Position -2 
rough machine 













n erer 


PETRE TT 


Reducing 
valves 


Q 


Accumulator , 
pressure- 






-Accumulator 


ss 
Drain 


4-SPINDLE CHUCKING MACHINE 


Spring return 
to neutral 
position 


- 


4-way solenoid 
operated 
control valve 






| 
| 

| 
| i Exhaust 
ya 


--Pressure 


Mercury 
| switches __ 
Jo pump aed 


VV 


r a | 


Starting switch” 


SSS 










Stationary die------~~-- 






ai Be Hite 2 
| 


HYDRAULIC CIRCUITS) 


J. C. COTNER 


Logansport Machine, Incorporated 


Fig. 7—Used on automatic multiple spindle chucking machines, this 
arrangement permits individual pressure control to control valve 
on each operating cylinder. Operating pressure is controlled through 
reducing valves for varying chucking pressures for different work 
positions. Accumulator pressure is applied to position 2, 3, and 4, to 
insure proper chucking conditions. Position 1 is supplied with oil 
under pressure directly from the pump to operate chucking cylinder 
for unloading and loading. 


Fig. 8—Cams driven at the desired speed by an electric motor- 
driven speed reducer tilt five mercury switches, causing three solenoid 
valves to operate in proper sequence. Cycle of operation of this machine 
for molding powder into hard cakes: 1. Pressure to A, exhaust C, 
block B and D, causing top ram to move down; 2. Pressure to A, 
exhaust C and B, block D, causing lower ram to move up and pressing 
powder between rams; 3. Block A, and C, exhaust B, pressure to D, 
both rams move up to unload position; 4. Exhaust A, pressure to C, 
and B, block D, lower ram moves down to loading position. Time cycle 
controller automatically shuts off, completing cycle. 
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Cam and Electrically Operated Valves 


Fig. 9—Four-way solenoid valves 

controlled by limit switches give the Pressure 
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ram which comes down and remains Exhaust- 
there until pressure builds up in line ; -7 / Fl j 
to a predetermined point. Pressure Line-- 
switch then acts to reverse solenoid 
valve, returning ram to original posi- 
tion. Time relay, normally closed, 
breaks current to solenoid so that 
valve is free to operate when the 
pressure switch energizes opposite 
solenoid. Swing cam on ram trips an- 
other limit switch which reverses 
solenoid valve to return die to load- 
ing position. 
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Fig. 10—An oscillating table for polish- 


links 


by two hydraulic cylinders with adjust- 
able stroke. Circular disk cams on stroke 
adjusting rods operate limit switch which 
controls solenoid valves. Speed control 
© valves used on lines from each end of 


cylinders are adjusted to give proper 


oscillatory motion. Cylinders start from 
back position and each advances accord- 


MIRROR POLISHING MACHINE ing to speed control valve adjustment. 
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Question and Commen 


Problem In Cabinet Styling 


N. V. SMITH, President 


Smith-Johnson Corporation 


In designing sheet metal cabinets for 
housing high pressure grease pumps 
there are certain definite basic ideas of 
mass, color and line that must not be 
violated if a pleasing exterior appear- 
ance is to be arrived at. There seems to 
be a lack of existing literature as to 
what constitutes good design work along 
these lines. 

Another problem is the use of color. 
Our equipment goes into stations which 
are painted in the oil company colors, 
hence its decorative scheme should be 
one that will fit in with any combination 
of colors. At the present time we are 
using black and white with stainless 
steel trim. 

Of course, it may be said that we 
should go out and hire an art designer 
who will wave his hands and tell us 
that this or that isn’t good art, but 
all of them that I have met don’t seem 


The styling of these cabinets is wrong according to N. V. 


able to discover why it is or isn’t good 
art. In our design work we know ana- 
lytically whether or not mechanical de- 
sign or the compromise resulting from 
the mechanical design is good or bad 
for very definite mathematical reasons. 
For the same reason it seems to me 
there should be definite reasons why one 
piece of cabinet work looks good and 
another looks bads. 

Here is a photograph of two of our 
units which illustrates the point I am 
trying to make. There is something 
wrong with the artistic design of these 
units, but just what it is I am unable to 
state. Both are finished in white baked 
enamel with stainless steel trim. 


| Editor’s Note—Two excellent books re- 
cently published give a very fine basis 
for evaluating design and product styl- 
ing. The one, “Industrial Design” by 


Smith, president of the 


company manufacturing these units. Can you tell him what’s wrong? 
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Harold Van Doren and published by 
McGraw-Hill Book Company, New York 
City was reviewed in the April issue of 
Propuct ENGINEERING, page 192. The 
other, “Design This Day” by Walter 
Dorwin Teague, published by Harcourt- 
Brace & Company, New York City, was 
reviewed in the May issue, page 239.] 


Rope Tension 


To the Editor: 


A cord wrapped 4 times around two 
parallel shafts supports a load of 10 
lb. Cord has a 90 deg. are of contact at 
load support point; other arcs of con- 
fact are 180 deg. What is the tension in 


each succeeding wrap and the force 
necessary at the slack end to balance 
the 10 lb. load? Assume a coefficient of 
friction of 0.20. The roll diameter is 
2 in., and center distance 3 in. 
—S. H. WELLAND 
W hitinsville, Mass. 


Errata in 
Bronze Article 
To the Editor: 


My attention has just been called to 
an error in my article “Aluminum 
Bronze” that appeared in the March 
issue. THe error is with respect to the 
chemical composition of alloy No. 7 in 
Table II. 

In the article as printed, this chemical 
composition is identical to that of alloy 
No. 5, whereas it should read as follows: 

87.25-89.00% 

10.00-11.00% 
1.25-Maximum 
....90-Maximum 


Copper 
Aluminum 


Impurities 


Fortunately, the correct aluminum val- 
ues are given in the discussion under 
the paragraph titled, “The Critical 
Range.” In other words, the written part 
of the article will contain the right mean- 
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inc. but if the tables are used for future 
reierence, somebody is going to try to 
specify alloy No. 7, with the chemical 
listed therein, and find that it is not 
available. —W. W. Epens 
Ampco Metal, Inc. 


[Editors Note: Our humblest apologies 
to Mr. Edens who is not in error on his 
original manuscript. The fault lies with 
us. in failing to detect a printer’s error 
in setting the above table. | 


Solution to 


C. W. H.’s Problem 
To the Editor: 


The strip centering device shown in 
Propuct ENGINEERING for April seems 
to go about the job in what appears to 
be a rather roundabout way. The simple 
requirements are these: two parallel 
lines shall converge at equal velocity. In 
the device shown, this was attempted 
by having a rotary motion of a handle 
move a slotted cam in a vertical direction 
through a gear and rack, said cam being 
arranged in such a way as to actuate two 
movable pieces arranged symmetrically 
about a horizontal line and sliding in 
grooves set at 10 deg. each from the 
horizontal. Offhand, a simple toggle 
would seem to answer the need at con- 
siderable less cost and with greater ac- 
curacy. However, the device shown can 
be made to operate correctly by chang- 
ing the angle of either one of the 45 deg. 
slots or either one of the 10 deg. slots. 

A chart such as shown in Fig. 1 will 
immediately disclose the reason why a 
change must be made in the device. The 
vertical line of unit length represents 
the motion of the vertical piece. The 
45 deg. line is the actuating slot; in 
this case, for both pieces. Now, if the 
two 10 deg. lines representing the guide 
slots are drawn as shown, the resultant 
vertical motion of the upper piece will 
be represented by A and the lower one 
by B. These two values are unequal and 
will not become equal until the two 
slots are made parallel. Of course, there 
would be no clamping action with such 
an arrangement. Working the opposite 
way and increasing the 10 deg. angle 
for both slots, A and B become more 
and more unequal until at 45 deg. one 
would be infinite. This represents the 
limiting condition as one of the slides is 
now parallel to the actuating slide and 
the vertical piece cannot move. The prob- 
lem then is to change one of the slots in 
such a way as to make A and B equal. 

Fig. 2 shows that by leaving the lower 
slot 45 deg. we can make A equal B 
by decreasing the angle of the upper 
slot from 45 deg. to 36 deg., 28 min. 
Leaving the upper slot 45 deg. we can 
make B equal A by increasing the angle 
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tan 10° 
1-tan 10° 


p= —tan 10° 
1++an 10° 


/ 
Stationary pins<~--~ 


FIG. 4 


of the lower slot from 45 deg. to 57 deg., 
05 min. Similar computation will deter- 
mine the amount either one of the 10 
deg. slots will have to be changed if it 
is desired to leave the 45 deg. slots alone. 

The optimum position of the two slots 
insofar as the right angle drive is con- 
cerned occurs when the two driving slots 
are equi-distant from the 45 deg. line. 
Fig. 3 shows that this condition is ob- 
tained only when each slot is rotated 
from 45 deg. by an equal amount to one- 
half of the angle of the cross slide and 
in the same direction as the cross slide 
affected. 

Fig. 4 shows a linkage which will 
produce equal motion in two non-parallel 
slots. This should prove to be of special 
interest because in reality it represents 
a right angle motion; a device often 
needed but seldom used. Figures 5 and 
6, which are self explanatory, show two 
centering devices. —J. T. BENNETT 

Los Angeles, Cal. 


[Editors Note: In addition to the solu- 
tion published last month to C. W. H?s 


problem in the April issue and the above 
answer, quite acceptable solutions were 


Driven pinion 


Circu/ar--" 
rack. 


Drive pinion 


1 cot F=G= 
1+2tan 10° repen a 
C = 36 28’ approx. ’ G+2 tan 10 
1 V1+tan 10° -tan 10° 
1- 2tan 10° IG. 3 E=40° 
D = 57°05 approx. 7 F=50 


tanC = 


tan D= 





submitted by Edward H. Warner, Bell- 
more, N. Y.; Richard H. Kreuger, New- 
ark, N. J.; Nicholas Miller, Berwyn, 
Ill.; Giles M. Reed, Detroit, Mich.; 
George H. Thompson, College Station, 
Texas; Fritz Zurstadt, Evansville, Ind.; 
Victor F. Carlberg, Roselle, N. J., and 
Jerome Calcagnetti, Easton, Pa. These 
solutions are gratefully acknowledged 
and were necessarily omitted because of 
space limitations. | 


Angular Motion By 
Circular Rack 


To the Editor: 


Have any of your readers actually used, 
or know of the use, of the mechanical 
movement, illustrated in the accompany- 
ing sketch, which utilizes a circular slid- 
ing rack having two pinions coacting 
therewith? 

Driven pinion is rotated by a circular 
rack caused to slide in either direction 


along its shaft through the rotation of the 
drive pinion. Drive pinion and shaft can 


< Driven pinion 


4 . . . 
< Drive pinion 









| 

















also swing through the angular position 
indicated about the axis of the shaft on 
which the circular rack can rotate or 
slide. —WitiiaM T. SAVAGE, Jr. 

Brooklyn, N. Y. 


V-Belt Speed Reducer 
To the Editor: 


I have an idea that may be of great 
interest to a number of readers. A local 
plant has for the past few months been 
using this simple and effective means 
of speed reducing by the use of V-belts 
and pulleys in a differentially planetary 
arrangement as shown in the section 
sketch. It can readily be seen that most 
extreme ratios are quite simple to attain 
in this manner. 

The plant uses the motor as the mount 


Low speed 








for reducer having the stationary pulley 
cut into the motor head. Reducers from 
a fraction of a horsepower to as large 
as needed are replacing the older and 
clumsier reduction layouts. Of course, 
the multiple V-pulley is used on the 
larger drives. They also use this ar- 
rangement for variable speed drives by 
merely changing the diameter of pulleys 
in the conventional manner. 
—Hucu MCALLISTER, Jr. 
Covington, Va. 


Solution to May problem— 


Hat and River 


In last month’s problem the hat of a 
man paddling upstream was blown off 
and carried downstream by the current. 
After continuing to paddle upstream for 
10 min., the man turned around and 
paddled after his hat. Since we are told 
to assume that he paddled at a uniform 
rate, his relative position to the hat was 
only changed by his paddling. and, if he 
paddled directly away from the hat (up- 
stream) for 10 min., then it would take 
him only 10 min. to paddle directly back 
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LINKAGE FOR PRODUCING SECOND DEGREE CURVES 


a A’ (stationary) 
\ "D* (stationary) 


Floating pins 





“C” (stationary) me 


FIG. 1 — Set-up for 
drawing a true arc 


Linkage Produces Curves 
To the Editor: 


Within its own limitations, the linkage 
illustrated will produce any curve that 
satisfies an equation of the second de- 
gree, including a true arc. In order to 
accomplish this, points Æ and B are 
placed at two points on the wanted curve, 
point C is placed on the intersection of 
the tangents from A and B and point D 
is placed anywhere between A and B 
on the wanted curve. Point Æ will then 
trace a line which will be a true second 
degree curve satisfying the conditions 
imposed by the positioning of points A, 
B, C, and D. Of course, if point E is 
held stationary, point D will trace the 
identical curve. 

—J. T. BENNETT 
Los Angeles, Calif. 


Life of Rubber Springs 


To the Editor: 


On page 186 of the April number of 
Propuct ENGINEERING there is a state- 
ment that reads as follows: 





Can You Work This One? 


H. E. SMITH 


to the hat (downstream). Therefore, 
since the hat was carried one mile by the 
river current in the 20 min. interval be- 
fore it was recovered. the speed of the 
current was 3 m.p.h. 


This Month’s Problem— 


The Bookworm 


Lawyer Erasmus P. Zilch has an un- 
used set of law books consisting of twelve 
volumes. These books are neatly arranged 
in numerical order on a shelf in his office 
with Volume I at the left and Volume 
12 at the right. The overall thickness 


“E” (floating ) 
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FIG. 2 — Point “E” moves 
along a true parabola 








“The life of rubber springs worked in 
vibration, in contrast to metal springs, 
is shorter under low stress conditions 
than when the stress is high.” 

This statement does not designate the 
type of stress conditions to which you 
are referring, whether the stress is in 


tension, compression or shear. Further- 
more, the statement you make is in direct 
contradiction to our own experience in 
the use of rubber springs. —C. E. B. 


Erie, Pa. 


[Editors Note: The above criticism is 
perfectly in order because the statement 
referred to is totally misleading. It 
should have read: 

“Whereas the life of metal springs de- 
creases rapidly with increased stress and 
vibration, the life of rubber springs 
worked in vibration is relatively longer 
under high stress conditions than under 
low stress conditions. This is explained 
by the fact that the high plasticity and 
homogeneous structure of rubber does 
not permit stress concentration.” 

This applies to every type of stress con- 
dition because the endurance curve for 
rubber is practically a horizontal line.] 





of each volume is 234 inches of which 14 
inch is due to the covers, which are 4% 
inch in thickness. A Sitodrepa panicea 
(bookworm to you) named Herman starts 
from the geometric center of the first page 
of Volume I and after eating for seven 
years, six months, four days, nine hours, 
three minutes, eight and four-fifths sec- 
onds, finds himself at the exact geometric 
center of the last page of Volume 12. 
How he got to the starting point is Her- 
man’s problem so let him worry about 
that. Your problem is to compute, in 
inches, the total distance he traveled. 

P. S. Herman being a good little fellow 
went straight. 
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ews and Summaries 


Machine Tool Electrification 


Discussed by Designers at Forum 


Emphasis is laid on styling, compactness, and special motors and 
controls as machine tool makers meet with Westinghouse engineers 


REPRESENTING ABOUT 75 of the nation’s 
leading machine tool manufacturers, more 
than 100 design engineers met to dis- 
cuss mutual electrical problems at the 
fifth annual Machine Tool Electrification 
Forum sponsored by Westinghouse Elec- 
tric & Manufacturing Co. at East Pitts- 
burgh, May 6-8. Technical papers, pre- 
sented from the viewpoints of both the 
electrical and machine tool industries, 
styling, compactness and 
special designs in electrical equipment. 

Speaking for the electrical industry, 
C. B. Stainback, manager of Westing- 
house Industrial Sales Department, in 
his paper “Responsibilities of the Elec- 
trical Manufacturer to the Machine Tool 
Industry,” stated that “while the elec- 
trical industry has not been able to im- 
prove appearance as fast as it would like 
to do so, it is steadily working towards 
equipment which will blend more closely 
with the finish and design of modern 
machines.” Again, said Mr. Stainback 
the industry is conscious of the size and 
space requirements for electrical appara- 
tus, and is exerting every effort to reduce 


emphasized 


the size of electrical equipment. He also 
asked the cooperation of the machine 
tool designers “in giving more considera- 
tion to the mounting of the electrical 
equipment in the initial stages of machine 
tool design, or in other words, leave 
room for the motor.” 

In presenting his paper, “Electrical 
Equipment for a Special Purpose Grind- 
ing Machine,” R. S. Elberty, Landis Tool 
Company electrical engineer, expressed 
the opinion that machine tool designers 
should do more pioneering in the adop- 
tion of special motors and controls. 
Standard equipment in most cases is not 
best suited to the requirements, and 
handicaps the designer from the start. 

Other papers presented included, “Ad- 
justable Speed Drives, Operating from 
A.C. Supply,” by W. I. Bendz, Westing- 
house district engineer of Boston. “Can 
You Use a Gearmotor,” was the subject 
of a discussion by S. B. Brittain of the 
Gearing Division, followed with a talk by 
Mr. J. C. Wilson, engineer of the Thomp- 
son Grinder Company, on “The Combin- 
ation of Electrical and Hydraulic Opera- 


tion on Automatic Broach Grinding 
Equipment.” A brief was presented by 
W. M. Moody of the Meter Division on 
“Electric Tachometers.” A paper on 
“Streamlining in Electrical Equipment 
Design” was given by D. L. Hadley, con- 
sulting designer. 

The Synchro-Tie Transmission was de- 
scribed by Westinghouse’s C. W. Drake; 
and R. W. Owens, manager, Motor Di- 
vision, “New Dimension 
Standards for Small Industrial Motors.” 

Talks by D. K. Frost, electrical engi- 
neer, Mattison Machine Works, and by 
A. H. Platt, electrical engineer, Bullard 
Company, covered “Applying Control 
Equipment to Machine Tools,” and the 
“Installation and Maintenance of the 
Electrically Equipped Machine Tool.” 
“Typical Wiring Arrangements for Basic 
Control Functions,” was discussed by 
O. G. Rutemiller, Westinghouse district 
engineer. 


discussed 


Standards Bureau 
Prepares Math Tables 


Two OF A SERIES of ten publica- 
tions containing mathematical tables 
are now available from the National 
Bureau of Standards, Washington, D. C. 
“Tables of the First Ten Powers of the 
Integers from 1 to 100” may be pur- 





Projection unit at the proving ground utilizes somewhat 
the same technique as used to compare bullets in criminology. 
The test film is projected upon a turntable, movable in all 
directions. the displacements of which are calibrated in degrees, 
minutes and seconds. On the turntable is a disk ruled off into 
perfect 2-in. checkerboard squares. When the superimposition 
of the film image is perfect, the relationship of disk to camera 
is the same as was that of the camera and test car to the road. 
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Pontiac’s test car all set and ready to go for a record- 
ing of altitude, slip, wind drift, pitch and axle displacement. This 
neat bit of automotive engineering is the work of William H. 
Manning (in driver’s seat) chief assistant engineer of Pontiac 
and Thomas Carmichael (standing) General Motors physicist. 
Four dials, a length of piano wire, four small motors, a 35mm. 
movie camera and a section of proving ground tract painted in 
checkerboard effect proved the key to the mysteries of steering. 
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chased for 50 cents. Foreign orders 65 
cents per copy. The other edition, 
“Tables of the Exponent Function e*” is 
priced at $2.00 for domestic orders and 
$2.50 for foreign requests. 

In scientific or technical research, 
these tables should prove valuable for 
reference purposes. Copies will not be 
sent collect or on approval. 


Huge Plaque Cast 
In Stainless Steel 


RECENTLY UNVEILED on the facade of the 
Associated Press Building in New York 
City’s Rockefeller Center is a bright 
symbol of America’s free press. This 
symbol, a huge ten-ton plaque of stain- 
less steel is the largest metal bas relief 
ever cast in stainless and represents 
many months of work by Isamu Noguchi, 
Japanese-American artist who designed 
and modeled the plaque and the General 
Alloys Company, Boston, Mass., respon- 
sible for the casting. 

The full-scale plaster model which 
measured 17x22 ft. was first divided into 
nine sections. One of the chief technical 
problems of casting each of these sec- 
tions was that stainless steel must be 
poured at such a high temperature that 
it would destroy any ordinary sand mold. 
The problem was solved by pouring the 
metal in one second; the action being so 
fast that there was no time for the sand 
to be disturbed by the white-hot metal. 

The huge sections were then polished 
and finished. Using powerful high-speed 
grinders and other precision power tools, 
the edges were accurately trimmed and 
a ground finish given the surface. 


Photoelectric hole detector makes 
for quality production in this steel mill 


shearing line. As the steel strip passes 
through the cabinet at the right, bright 
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A.S.T.M. to Hold 
Annual Meeting 


A STRONG TECHNICAL PROGRAM of wide 
interest is expected to draw a large 
attendance at the 43rd annual meeting of 
the American Society of Testing Materials 
to be held at Chalfonte-Haddon Hall, At- 
lantic City, N. J., June 24-28. 

Important sessions will include the 
Symposium on Tools of Analytical Chem- 
istry, Symposium on the Significance of 
the Tension Test in Relation to Design, 
Symposium on Spectrochemical Analysis, 
and separate sessions devoted to radio- 
graphic testing, cement, concrete, petrol- 
eum products, non-ferrous metals and 
plastics. 

The Symposium on Significance of the 
Tension Test in Relation to Design is 
the first of a proposed series of technical 
discussion on the subject “Significance 
of Mechanical Properties of Metals.” A 
group of three papers to be presented by 
prominent authorities has the twofold 
object of attempting to classify the re- 


Meetings 
Society OF AUTOMOTIVE ENGINEERS— 
35th anniversary summer meeting. The 
Greenbrier, White Sulphur Springs, W. 
Va. J. A. C. Warner, secretary, 29 West 
39th St., New York City. 


AMERICAN Society FoR TestTinc Ma- 
TERIALS — Annual meeting, Chalfonte- 
Haddon Hall, Atlantic City, N. J. June 
24-28. R. E. Hess, assistant secretary, 260 
South Broad St., Philadelphia, Pa. 


lights from above glare down. The slight- 
est hole lets the light through to actuate 
phototube below causing marking device 
to score the strip alongside the hole. 


lationships between fundamental cha) ac. 
teristics measured in such a test and. in 
addition, the relating of such character. 
istics to the design problem. 

This symposium will bring before the 
materials engineers the viewpoint of the 
design engineers and it is expected that 
it should result in the clarification of 
some of the many questions concerning 
the tension test in relation to design. 


Advantages Seen In 
Electrolytic Polishing 


ELECTROLYTICALLY POLISHED surfaces, a 
new development of the Battelle Memo- 
rial Institute, will stay bright better than 
those polished by friction and has the 
added advantage of uniformity even 
around joints and filigree. 

This new method is practically the re- 
verse of electroplating. Instead of a thin 
film being deposited at the cathode in an 
electrolytic circuit, the desired surface 
on the article to be polished is the part 
of the anode uncovered by the current 
in driving off the outside molecules. 
Smoothness is obtained because the elec- 
trolyte offers more resistance to current 
flow in the low places than over the high 
ones and so the electrolysis removes more 
metal from the high points than from the 
valleys. In electrolytic polishing the elec- 
trolyte is strongly acid. The current is 
essentially the same as for chromium 
plating. 


Do You Know That— 


STEEL MEASURING TAPES graduated in 
ft., in., and fractions of an inch are now 
available with a chromium coating to 
provide corrosion and scratch resisting 
qualities. (12) 


A VACUUM CLEANER MANUFACTURER is 
now equipping his machines with Nylon 
brushes which are said to give longer 
life, can be more firmly set in the revolv- 
ing cylinder and stiffness can be con- 
trolled for more efficient cleaning. (13) 


TEMPERATURE CONTROL PILLS are now 
used in steel operations to indicate the 
heat of the metal in work. When the 
metal reaches the temperature indicated 
by the pellet, it melts. Pills are available 
in 50 deg. intervals. (14) 


A NEW LOW-AMPERAGE welding ma 
chine is available which has been success 
fully applied to arc welding of thin stain- 
less steel and other alloy sheet. First 
applied successfully to welding turbine 
blades, it is now being experimented 
with on aircraft engine exhaust stacks, 
floats and similar thin gage parts. (15) 
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Gas Engine 


Heavy-duty, four cylinder, valve-in- 
head air-cooled engine operates on either 
gasoline or natural gas. Known as model 
D71 the crankshaft runs in three pre- 
cision type bearings, valve seats are 



































































be used for testing load required to oper- 
ate valves, firing pin assembly and simi- 
lar units. The standard model handles 
springs up to 6 in. free height and 25%-in. 
diam., in 10-50-250 lb. capacity. It is 
provided with a 6-in. vertical height 
scale graduated to sz in. for indication 








and Parts 


a clear, transparent film. Unaffected by 
water, oils and most hydrocarbons. 
Glyco Products Co., 148 Lafayette St., 
New York City. 


Pillow Block 
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nection is 3g-in. male. Nozzles are avail- 
able in brass, iron, lead, hard rubber, 
stainless steel and other materials. 
Spraying Systems Co., 4021 W. Lake St., 
Chicago. 


Photoelectric Controls 


Housed in compact battleship grey in- 
closure, these general purpose control 
for industrial applications in connection 


with regulating, counting, signaling and 
sorting operations. Designated the 60 
series, rugged telephone type relays are 
ordinarily provided, which permit a 
maximum non-inductive load of 3 amp. 
a.c. at operation speeds up to 10 per sec. 
A microswitch to carry 8 amp. or another 
contacting device handling 15 amp. at 
110 volts that fits the same housing, are 
available. United Cinephone Corp., Tor- 
rington, Conn. 


Resistor 


By mounting resistors with an alumi- 
num thru-bar, the heat generated by the 
resistor is distributed evenly along the 
entire length of the bar, substantially 
spreading the hot spot sometimes en- 
countered with tubular resistors in con- 


ventional mountings. Mounting studs 
riveted to the ends of the thru-bar fur- 
ther tend to conduct the heat to the 
mounting surface. Resistance wire is 
accurately space wound upon a Steatite 
core of eliptical cross section having a 
maximum thickness of 4 in. at its minor 
axis. The ends of the winding are brazed 
to terminals which may be any of numer- 
ous standard types, with the entire ele- 
ment embedded in fused vitreous enamel. 
Wattage ratings are 30, 40, 55, 65 and 
75 watts. Hardwick, Hindle, Inc., 
Newark, N. J. 
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Double Row 
Roller Bearings 


Self-contained double row angular 
contact type, in which concave rollers 
operate between convex races, the one- 
piece outer race having two ground race- 
ways. The concave roller design pro- 
vides self alignment within the bearing 
itself, and capacity for radial loads, 
thrust loads in either direction, or any 
combination of radial and thrust loads. 
Available in “DE” 200 series, sizes from 
3.1490 to 5.9045 in. bore; and “DE” 300 
series, sizes from 1,9680 to 5,1171 in. 
bore. Shafer Bearing Corp., 35 E. 
Wacker Drive, Chicago. 


Diesel Electric Unit 


Consists of a radiator cooled engine, 
generator and control panel, all assem- 
bled in compact form, ready to set in 
place and put to work. Chief change 


from conventional design is in the place- 
ment of the generator, which sets direct- 
ly underneath the engine and cuts floor 
space requirements almost in half. Power 
for generating is supplied by Lister 4- 
cycle diesel engine using Bosch fuel sys- 
tem. Cylinder walls are chromium im- 
pregnated. The new line of “Powr-Pak” 
diesel electric power plants range in size 
from 3,600 to 24,000 watts. Generators 
are available in any desired voltage or 
current. Lister-Blackstone Inc., 1706 S. 
68th St., Milwaukee, Wis. 


Aluminum Finish 


New industrial finish can be dipped, 
sprayed or flow coated; keeps its luster 
and will not powder. For finishing metal 
surfaces, is said to have been used suc- 


cessfully on office equipment, cabinets, 
machinery, instruments and metal veults, 
This ready mixed aluminum called No, 
1 “Chromelume” has a high finish; will 
air dry in 15 min.; 1 gal. covers approxi- 
mately 2,000 sq. ft. of surface. Tousey 
Varnish Co., 520 W. 25th St., Chicago, 


Plugging Switch 


A driven Alnico rotor produces a ro- 
tating magnetic field which induces eddy 
currents in the walls of an aluminum 


cup. The magnetic reaction produced 
by the eddy currents turns the cup 
through a limited rotation, and the con- 
tacts are operated by a Textolite rod 
which connects the cup and a movable 
contact strip. Centering springs tend 
to keep the contacts in a normal posi- 
tion but since the magnetic operating 
force on the aluminum cup is depend- 
ent on speed, contacts operate at and 
above a definite speed. As the speed 
decreases, a definite point will be reached 
where the spring force will overcome the 
magnetic force; this is the tripping 
point. The use of an Alnico magnet 
eliminates frictional parts or clutches 
and contributes to low maintenance costs 
and long operating life. General Elec- 


tric Co., Schenectady, N. Y. 


Trammel 


Adjustments can be made by revolving 
knurled rolls with the thumbs. Elimina: 
tion ‘of clamp screws in adjustments 
makes possible a positive correct place- 
ment at all times and in addition permits 
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a full view of the drawing, without ob- 
structions while adjusting the points. 
Steel points or pencil is attached by 
simply pressing down and inserting point. 
The tension of the spring will hold it 
securely in the special shaped holes. 
Trammel can be used for inside or out- 
side calipers by changing the points. 
Reinhold Paege, 14872 Ilene Ave., De- 
troit, Mich. 


Speed Reducers 


Right angle worm gear reducers can 
be assembled in 16 different mounting 
positions. Large radiating surfaces are 
provided for heat dissipation, and cool- 
ing fins are cast integral with the section 





of the housings inclosing the worms. 
Built in six sizes up to 10 hp. Single 
phase, squirrel cage, slip ring and d.c. 
motors are available for driving these 
motorized units. Janette Mfg. Co., Chi- 
cago. 


Flow Break Motor Switch 


Operate on the flow make and break 
principle to assure long and trouble- 
free service. Switch is intended only 
for a.c. circuits which may be special or 
selective. Designed to be used on motor- 





ized equipment using up to 1 hp. motors, 
the switch can be installed easily either 
internally or externally, a new style 
finger fitting dial provides easy opera- 
ton. The Hart Mfg. Co., Hartford, 
Conn. 
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Thermostats 


Sentinel thermostats for roasters, 
water heaters, and similar built-in appli 
cations and Guardsman thermostat for 
use in ironing machines. Bi-metal of 


the Sentinel thermostat does not carry 
the current as it is designed to act as a 
switch when turned to a low position, 
thus assuring accurate performance of 
the heating unit. Units have an adjust- 
able range from 32 deg. to 450 deg. F. 
and a maximum rating of 15 amp. at 115 
and 10 amp. at 230 a.c. The Sentinel 
thermostat has no d.c. rating. The 
Guardsman thermostat with its slow 





make and break is a close controlling 
type of thermostat for general applica- 
tions, and is adjustable over a range of 
approximately 250 deg. F. with a max- 
imum a.c. rating of about 7.5 amp. at 


115 v. It has no d.c. rating. Westing- 
house Electric & Manufacturing Co., 


Mansfield, Ohio. 


Variable Speed 
Transmission 


Extensive revisions have been made in 
the design of this infinite variable speed 
transmission. The objectionable feature 
of bevel gears has been eliminated, 
reducing vibration and insuring quiet- 





ness. Practically all thrust in cross-shaft 
and bearings is said to have been elimi- 
nated. Speed indicator dial on top of 
machine allows the operator to select 
the speeds accurately. Precision ball 
bearings are used throughout. Oil is 
sealed within the case. Speed range is 
225 to 925 r.p.m. when driven by a 1,750 
r.p.m. motor. Lenney Machine & Mfg. 
Co., 735 Niles Rd., Warren, Ohio. 


Remote Control 
For Varidrive Motors 
New right angle mechanical remote 


control for Varidrive motors pro- 
vides an accurate, simple means of 





selecting the desired operating speed 
when motor is mounted beneath or above 
the driven machine or is otherwise in- 
accessible. Control shaft may be ex- 
tended at a 90 deg. angle in any one of 


eight different directions U. S. Elec- 
trical Motors, Inc., Dept. 112, 80-34th 


hs Brooklyn, N. Y. 


Electric Stop Watch 


Split second indicating counter, The 
“Time-It,” will total 10,000 sec. before 
repeating. A large legible indicating 
counter can be reset to zero from any 
readings or successive readings can be 





totalled. Operating on a 115-volt 60-cycle 
current it provides direct readings to 0.1 
sec. Counter is operated by a continuous- 
duty synchronous electric motor having 
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an automatic built-in brake. It is 4x5 x 
3% in. in size, and several units can be 
mounted on a single base with single 
cord and plug for line connection. Other 
voltages and cycles are available. Pre- 
cision Scientific Co., 1730 N. Springfield 
Ave., Chicago, Ill. 


Perforating Dies 


\ feature of the Universal perforating 
dies is its adjustability to new require- 
ments, without additional die costs. When 
a change in a stamping is required, the 
perforating or notching units can be 
quickly reassembled for the new opera- 
tion. Adaptable to any type of press 
and to any thickness or flat sheets up 
to Ve-in. 
produced on a limited production basis 
and where frequent or occasional die 
changes are required. S. B. Whistler 
& Sons, Inc., 750 Military Rd., Buffalo, 
N E. 


Ideally suited for stampings 


Automatic Print Machine 


Employing a specially designed quartz 
envelope high pressure mercury vapor 
lamp guaranteed for 1,000 hrs., this new 
model “A” automatic high speed white- 
print machine has a printing speed rang- 
ing up to 20 linear ft. per min. An in- 
genious device automatically separates 
the print from the original after expo- 
sure. The original is returned to the 
operator in front of the machine, while 


the exposed print is conveyed to the de- 
veloping unit, where, after dry develop- 
ment, it is discharged at the rear of the 
machine ready for immediate use. Ma- 
chine is available in two sizes up to and 
including 42 and 52 in. Ozalid Corp., 


Johnson City, N. Y. 
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Starter and Motor 
Disconnect Switch 


Front operation allows close ganging 
of a number of units in compact width 
and height multiples. The contactor 
type disconnect switch incorporates 
“Dust Safe” vertical contacts which are 
interchangeable with the Across-the- 
Line Starter contacts. Overload protec- 


tion is provided by the C-H Eutectic 
Alloy Thermal Overload Relay which 
permits motor operation up to the max- 
imum limit. Overload heater coils and 
operating coils are readily interchange- 
able. The switch is designed for use 
with squirrel cage and single phase mo- 
tors. Cutler-Hammer, Inc., Milwaukee, 
Wis. 


Dynamometer 


Inductor-type dynamometer for engine 
testing has a main field rheostat control 
and a vernier rheostat for control of 
torque and speed. Features are ease of 
operation, and low maintenance because 
of simplified construction and compact 
design. This new type, less than half 
as large as the d.c. machine, is rated 600 
hp. as compared with a 300 hp. rating 
for the d.c. dynamometer. General Elec- 
tric Co., Schenectady, N. Y. 


Shaded Pole Motors 


Intended primarily for fan duty with 
cooling air over the motor, all ratings 
are available in the same body diameter, 


and are designed for either ball or sleeve 
bearings. Frame modifications include 
open or inclosed construction, round 
body, flat base or resilient mounting. A 
terminal box is integral with the base 
in the latter type. Motors are available 
at both 2- and 4-pole speeds, for 60 and 
50 cycles, and for 2-pole speeds for 25 
cycles, the line ranges from 1/300 to 
1/20 hp. and is available in both normal 
and high torque design. Robbins & 
Myers, Inc., Springfield, Ohio. 


Multipie Range Ammeter 


This instrument provides readings in 
any of five different ranges from frac- 
tion of an ampere up to 25 amp. Known 
as “Micro-Tester”, model 280, this small 
ammeter has a built-in transformer and 
is housed in a red Bakelite molded case, 
with satin-finish steel front panel. Com- 
panion testing instruments, all the same 
size can be combined in sets of three to 
measure current, voltage and resistance 
for almost every requirement. Simpson 
Electric Co., Chicago. 


Swivel Pipe Couplings 


Provides a sealed joint, capable of 
swiveling through the 360 deg. to carry 
refrigerator pipe line coils, under either 
pressure or vacuum. This provides for 
moving in cleaning without loss of re 
frigerant. Although designed primarily 
for the refrigeration industry, they may 
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serve as free swinging joints for highly 
inflammable fuel. Two joints connected 
to each other by an elbow, provide a full 
universal joint, capable of withstanding 
high pressures and available in various 
pipe sizes. Syntron Co., 240 Lexington 
Ave.. Homer City, Pa. 


Outside Valve Tire 


Outside valve feature is claimed to 
eliminate valve damage caused by 
“creeping” from running tire under-in- 
flated. These new tires are designed 
with the valve entirely outside the rim, 
and not contacting the rim at any point. 





The valve stem is of short, flexible rub- 
ber construction and located on the tire 
s» that it is free from rubbing or scrap- 
ing damage. Punctures are repaired 
without removing tire from wheel. Built 
in three sizes, 10x2.75 in.; 12x3.30 in., 
and 16x4.40 in. Musselman Products 
Co., 6308 St. Clair Ave., Cleveland, 
Ohio. 


Duplex Flush 
Receptacle 
Improved pressure contacts that can- 


not be destroyed by constant usage or 
by spring prong plugs. Makes a per- 





manent contact and still permits easy re- 
moval of all types of plugs. Installation 
is facilitated by wide ears. Solid bake- 
lite back is made to withstand heavy 
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pressure. This type, No. 733, is shallow 
in construction which means additional 
room for surplus wire and joints. Easy 
finding slots and modern design. Eagle 
Electric Mfg. Co., 59 Hall St., Brooklyn. 
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Lubrication Fittings 


To prevent over-lubrication of ball and 
roller bearings, fittings and bushings for 
industrial machinery are so constructed 
that when a predetermined amount of 
back pressure is developed in the bear- 
ing, excess lubricant appears at the vent, 
a signal to the operator to stop. The 
“Lubriguard” is installed directly into 
the bearing with a hydraulic type pres- 
sure gun applied to the fitting, the lubri- 
cant is forced through the fitting inlet 
and thence into the anti-friction bear- 
ing. Alemite Division, Stewart-Warner 
Corp., Chicago. 


Oil Immersion Heater 


Flange head oil immersion heater has 
tubes of steel, silver soldered into a cast 
iron head. Designed particularly for 
use in high pressure systems. Units are 
made both for circulating and non-circu- 
lating systems. Non-circulating heaters 
have a rating from 1 to 3 kw. for 115 or 
230 volts with two heater tubes ranging 
in length from 14% to 37% in. The 
circulating heaters have either 2 or 4 
heater tubes from 333g to 37% in. long 
with a rating of from 5 to 8 kw. for 230 
volts. Westinghouse Electric & Mfg. 
Co., Mansfield, Ohio. 


Prefocused Lamp 


Receptacle 


Holds lamp in accurate position, re- 
gardless of vibration, shock and other 


disturbing influences. This new receptacle 





is of high-heat resisting molded asbestos 
body, has a positive “stop” and low con- 
tact resistance and will replace ordinary 
receptacles now in use without any 
changes in mounting holes. It is rated at 
1,000 watts, 125 to 250 volts. Interior of 
molded body is channeled on two sides to 
provide for ventilation. It is used in home 
and commercial movie projectors, flood- 
lights, searchlights, airplane landing 
lights, etc. American Phenolic Corp., Chi- 
cago, Ill. 


Diesel Power Units 


In addition to a 100 hp. diesel power 
unit announced recently, International 
has added the UD-6 which develops 39 
hp. at 1500 r.p.m.; the UD-9 which de- 





and the 
hp. at 1300 
Each are started on gasoline and 


velops 53 hp. at 1500 r.p.m.; 
UD-14 which develops 6644 


r.p.m. 


shift to full diesel operation. Engines 
are 4-cycle, valve-in-head design, have 


full pressure lubrication through drilled 
passages, oil pump with Floto screen, 
Tocco-hardened crank shafts, by-pass 
thermostatically controlled cooling, full 
floating piston pins, variable speed gov- 
ernor, and are equipped with combina- 
tions to meet a wide variety of require- 
ments. International Harvester Co., 180 
N. Michigan Ave., Chicago, Ill. 
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Manufacturers’ Publications 





Materials 


Inon—Joseph T. Ryerson & Son, Inc., Chi- 
cago, Ill. Four-page bulletin, 84x11 in. 
Describes Lewis stay bolt iron, solid stay 
bolts, the different types of engine bolt iron 
and Lewis U. S. Navy chain iron. Applica- 
tions, physical properties, sizes and shapes 
available, and other pertinent data is fully 
explained. 


Die SteELS—Jessop Steel Co., Washington, 
Pa. Booklet, 11 pages, 5x 7!4 in. Complete 
information on die steel, a high carbon, 
high chrome steel. Data on forging, anneal- 
ing, hardening, tempering and applications. 


Cuemicats—Glyco Products Co., Inc., 148 
Lafayette St., New York City. 96-page cat- 
alog describes glycol and glycėryl esters, 
emulsifying agents, special emulsions, syn- 
thetic waxes, synthetic resins and a number 
of specialties. A section of the catalog is 
devoted to suggested formulas and other in- 
formation for the manufacture of numerous 
types of products. An industry index 
quickly gives you information felating to 
the field you are interested in. 


Mechanical Parts 


Power TRANSMISSION EQuipMENT—Boston 
Gear Works, Inc., North Quincy, Mass. 
Catalog 53, 1940. 287 pages 33g x 6 in. Com- 
plete information including all specifications 
and list prices on chain and sprockets, gears, 
belts, bushings, couplings, speed reducers, 
pulleys, pillow blocks, washers and casters. 


FLexrste Metat Tustnc—American Brass 
Co., American Metal Hose Branch, Water- 
bury, Conn. 24-page catalog, 844x111 in. A 
new technique is employed in making the 
contents of this catalog of utmost value to 
the user. Contents are arranged according 
to major services for which seamless flexible 
tubing is generally used. Index serves as a 
quick reference guide. 


Compression Sprincs—Hardware Prod- 
ucts Co., 103 Richmond St., Boston, Mass. 
Single sheet, 844 x 11 in. New listing of 234 
sizes of stock compression springs with com- 
plete mechanical data. Range in size from 
'4 to 24 in. in length; % to 4 in. in diameter 
and in wire size from 0.16 to 0.500 in. 


Stop Watcu—Precision Scientific Com- 
pany, 1730 N. Springfield Ave., Chicago, Illi- 
nois. Bulletin describing new “Time-It,” an 
indicating electric stop .watch totalizing to 
10,000 sec. before repeating. 


Ruspser Beartncs—Lucian Q. Moffitt, Inc., 
Akron, Ohio. 62-page booklet, 84x11 in. 
Cutless water lubricated rubber bearings 
for marine applications are given complete 
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treatment in this booklet. The bearings, a 
product of B. F. Goodrich Co., are shown 
in use on many different types of vessels, 
with complete data on installations, opera- 
tion, lubrication and recommendations. 
Eight pages of tables on dimensions and 
weights. 


Controt VaLtves—W. H. Nicholson & Co., 
Wilkes-Barre, Pa. Catalog No. 140. 13 
pages, 83xll in. Describes the Nicholson 
lever foot, solenoid and motor operated 3 
and 4-way valves for use in operating air, 
water, steam and oil, single and double 
acting cylinders. 


THRUSTOR-OPERATED VALVES — General 
Electric Co., Schenectady, N. Y. Catalog 
No. GEA-1569B, 2-page 814 x 11 sheet. De- 
scribing the characteristics and construction 
of Thrustor valves No. CR-9507-L. 


V-BeL_ts—Allis-Chalmers Mfg. Co., Mil- 
waukee, Wis. Revised catalog section, No. 
151 of 34 pages gives new horsepower rat- 
ings for multiple V-belt drives based on the 
new formula developed by R. F. Vogt and 
recently adopted by the industry. Complete 
engineering information on belt selection. 


Materiats HanpLinc—The Jeffrey Mfg. 
Co., Columbus, Ohio. Entitled “What We 
Make” a 3l-page booklet, page size 4x8 in., 
briefly illustrates a variety of materials han- 
dling equipment and parts. Shown are such 
products as chain, conveyors, crushers, vi- 
brating units, coal cutters, loaders, road 
graders, spreaders and rollers and related 
equipment. 


Power Units—The International Harves- 
ter Company, 180 N. Michigan Ave., Chi- 
cago, Illinois. Sixteen page illustrated bulle- 
tin A-50-22, 8144 x11 in. Describes complete 
line of gasoline and diesel power units up 
to 110 horsepower. 


Electrical Parts 


Ducter Low RESISTANCE OHMMETER— 
James G. Biddle Co., 1211 Arch St., Phila- 
delphia, Pa. Bulletin No. 1635, 8x 1014 in. 
Describing the construction, characteristics 
and methods of application of the Ducter 
low-resistance ohmmeter. 


Switcu EncLtosures—The Trumbull Elec- 
tric Mfg. Co., Plainville, Conn. Four-page 
circular, No. 315, 84x11 in. Describes 6 
different types of enclosures for safety 
switches, motor starters, circuit breakers and 
service equipment for special applications 
where dust or volatile fumes are prevalent. 


Sttver Nicket Contacts—Gibson Elec- 
tric Co., Pittsburgh, Pa. 
mechanical 


Folder, 83x11 in. 


Applications, and electrical 












characteristics, description and drawings ot 
the uses of silver nickel contacts are shown 
in this four-page folder. 


TERMINAL BLocks—Westinghouse Electric 
& Mfg. Co., East Pittsburgh, Pa. 2-page 
leaflet, 37-260 describes terminal blocks for 
use with enclosed switchgear, control, relay 
and instrument panels. Illustrations and price 
information are included. 


Dynamometers—General Electric Co., 
Schenectady, N. Y. 4-page bulletin, 844 x 11 
in. Constructional details, description and 
illustrations of inductor-type dynamometers 
are given in bulletin GEA-2924. 


Capacirors—Westinghouse Electric & 
Mfg. Co., East Pittsburgh, Pa. 10-page bulle- 
tin on type “FP” dust-tight capacitors for 
industrial use in hazardous locations. Hints 
on capacitor applications, description of con- 
struction features and complete dimensional 
data in the form of outline drawings. 


Finishes 


WRINKLE FintsH—New Wrinkle, Inc., 
Mutual Home Bldg., Dayton, Ohio. Eight- 
page folder, 84x11 in. Describing recent 
applications of wrinkle finish and containing 
a short article on spraying technique. 


ENAMEL CoLors—The Porcelain Enamel & 
Mfg. Co., Baltimore, Md. New book de- 
scribes the method of matching a large 
number of colors with a small color inven- 
tory. It includes tables showing factors which 
affect color and contains three full pages of 
color samples. Useful for color departments 
of manufacturers. 


Miscellaneous 


Sanp Conpitioninc — The American 
Foundry Equipment Co., 555 Byrkit St, 
Mishawaka, Ind. A non-technical discus- 
sion of sand conditioning by the Sandcutter 
method in a 16-page booklet which also 
contains descriptions and illustrations of 
four Sandcutters used in modern foundries. 


ELectropes—Wilson Welder and Metals 
Co., New York, N. Y. An illustrated 24 
page booklet (ADW-18), page size 84xll 
in., serves as a useful guide in helping to 
make quick, sure selections of proper elec- 
trodes for all classifications of welding 
work. Booklet reviews the general descrip- 
tion, application, procedure for use and 
physical properties of electrodes for numer- 
ous and varied welding purposes. 


TAcHomETERS—The Bristol Co., Water- 
bury, Conn. Bulletin No. 542, 84x11 im 
Describing types of tachometers and magne 
tos for many purposes. 


ENGINEERING LiterATuRE—The Timken 
Roller Bearing Co., Canton, Ohio. A list of 
available printed matter issued by the Steel 
and Tube Division of the company. The list 
covers 54 descriptions of separate bulletins 
dealing with characteristics, physical proper 
ties and applications of steels and steel tubes 
in industry. 
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Books and Bulletins 





Introduction to Electrical 
Machines 


A. W. Hirst—122 pages, 534x8% in. 
Blue fabricoid covers. Published by 
Blackie and Son, Limited, London. Pro- 
curable through The Chemical Publish- 
ing Co., Inc., 148 Lafayette St., New 
York, N. Y. Price $2.25. 


Intended to serve as a textbook and 
also to meet the needs of practicing en- 
gineers, this volume covers magnetic 
materials, insulation and insulating mate- 
rials, the general construction of electro- 
magnetic machines and a general discus- 
sion of losses, temperature rise and 
ventilation. 

Subjects also discussed are the general 
method of making magnetic calculations, 
the estimation of leakage coefficient and 
leakage reactance, waves produced by 
polyphase windings, harmonic analysis. 


1939 A.S.T.M. Standards 


Part I, Metats—1,308 pages, 6 x 8 in. 
Clothboard covers. Published by the 
American Society for Testing Materials, 
260 S. Broad St., Philadelphia, Pa. 
Price $8. 


Triennial publication of A.S.T.M. 
Standards including Tentative Standards. 
This volume, Part I, includes the respec- 
tive tentative specifications and tests as 
well as those adopted as standard re- 
lating to ferrous and non-ferrous metals, 
except methods of chemical analysis 
which are published in a separate vol- 
ume. Part I contains 300 specifications, 
tests, and definitions; of which 180 relate 
to ferrous metals, 105 are concerned with 
non-ferrous metals and alloys, and 15 
apply to both. 


Handbook of Arc Welding 
Design and Practice 


Sixth Epition—I,117 pages, 534 x 
834 in. Fabricoid cover. Published by 


Lincoln Electric Co., Cleveland, Ohio. 
Price $5. 


A complete treatise on arc-welding 
with a large amount of new information 
not included in the previous edition. The 
book, divided into eight sections, presents 
m convenient form essential reference 
data on all phases of arc welding. Sup- 


June, 1940 


plementing this data are 327 pages of 
pictures and text showing typical appli- 
cations of are welding in all branches of 
industry. The eight parts of the book 
deal with welding methods and equip- 
ment; technique of welding; procedure, 
speeds and costs; weld methods and 
methods of testing; weldability of metals; 
welded steel construction and machine 
design; typical applications in manufac- 
turing, construction and maintenance; 
and designing of arc welded structures. 
The book is one which will enable design 
engineers to keep abreast of the fast- 
growing field of welding development. 


Elements of Ferrous Metallurgy 


JosepH L. RosENHOLTz AND JosePHu F. 
OESTERLE—Second edition, 258 pages, 
534 x9 in. 140 illustrations. Published 
in 1938 by John Wiley & Sons, Inc., 440 
Fourth Ave., New York, N.Y. Price $3. 


In this revision of the first edition, the 
authors have included as much new ma- 
terial as is consistent with their purpose 
to present an elementary treatment of the 
subject, unencumbered by minute detail. 
The order of several chapters has been 
changed as a means of securing better 
sequence. 

The book describes the blast furnace; 
Bessemer open-hearth, electric, cementa- 
tion and crucible processes; wrought 
iron; the iron-carbon system; mechanical 
and heat-treatment of steels; carbon and 
alloy steels; and foundry operations. 


A B C of Spray Painting Equipment 


Booklet, 32 pages, 5⁄4 x8 in. Published 
by the DeVilbiss Co., Toledo, Ohio. 


The material in this book is presented in 
question and answer form and covers prac- 
tically all items of spray painting equip- 
ment, describing and explaining their func- 
tions. Subjects treated include: the paint 
spray gun, its troubles, remedies and acces- 
sories; material containers; hose and hose 
connections; air transformers and condens- 
ers; and air compressing outfits. 


Research and Industry 


Booklet, 45 pages, 51⁄4 x 81⁄4 in. Published 
by Ohio State University Research Founda- 
tion, Columbus, Ohio. 


Two of the principal addresses delivered 
at the Fourth Industrial Research Conference, 


November 3-4, 1939 at Ohio State University 
make up the main portion of this booklet. 
“The Administrator Looks At Research,” a 
paper presented by Henry P. Kendall, pres- 
ident, The Kendall Co., shows the importance 
of research in the development of the country 
and its people. The second paper, “Re- 
search in the Nation’s Business” was given 
by Harrison E. Howe, editor, Industrial and 
Engineering Chemistry, outlining the many 
new products directly traceable to research 
work. 


Hydraulic and Pneumatic Leather 
Packings 


Revised edition—1940. 157 pages, 6 x9 in. 
Flexible covers. Published by E. F. Houghton 
& Co., 230-48 W. Somerset St., Philadelphia, 
Pa. Price $1. Gratis on company letterhead. 


This new handbook represents a real con- 
tribution to the engineering field. Major 
portion of the book is devoted to design and 
service and offers an opportunity for the 
product engineer to put the information con- 
tained therein to practical application for 
efficient machine operation. Sixty-two pages 
alone are devoted to design and support with 
complete treatment of all subjects pertinent 
to hydraulic and pneumatic packings. There 
are six useful pages of reference data as well. 
Illustrations, which include photographs, 
drawings and tables appear on almost every 
page. 


Oil-Fired Forced-Air Furnace Systems 
In the Research Residence 


Engineering Bulletin No. 318, 90 pages, 
6x9 in. Published by the Engineering Ex- 
periment Station, University of Illinois, 


Urbana, Ill. 


A. P. Kratz and S. Konzo, authors of this 
bulletin have conducted an investigation dur- 
ing the heating seasons of 1934, 1935 and 
1936 of a forced-air system when fired by 
means of an oil burner. The investigation 
for the heating season of 1934-35 was under- 
taken to determine the performance and oper- 
ating characteristics of a warm-air furnace 
equipped with a conversion oil-burning unit. 
For the heating season of 1935-36 the con- 
version oil burning furnace was replaced 
with a warm-air furnace designed specifically 
for oil combustion, and the performance 
and characteristics were compared under 
identical conditions of operation with those 
of the conversion unit. 


75th Anniversary Bulletin 


Epitep BY James K. Fıncu—Record of 
Engineering anniversary program. 103 pages, 
634x934 in. Paper covers. Published by 
Columbia University Press, New York City. 


Celebration of the 75th anniversary of the 
establishment of engineering education at 
Columbia University was marked by a series 
of events beginning with a reunion and lec- 
tures in July, 1939, and ending with a Con- 
vocation and dinner on November 27. This 
volume constitutes a record of those events 
with an unusually fine series of lectures 
on “Strategic Minerals”. 
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Control of D.C. and A.C. Motors 


_--- Starting resistance 





Spring loaded 


Starter arm ~__ 


Starting D.C. Motors 













l. Manual starter for shunt motor. When the starting arm has 
cut out all resistance, it is held by the no-voltage release magnet. 
Coil of this magnet provides no-voltage and open field-circuit 
protection. On power failure the starter arm is spring returned 
to off position, preventing motor injury. 
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2. Drum-type controller. Motor and resistance connect to sta- 
tionary fingers picked up by contacts on a drum. Two additional 
fingers 5 and 6 connected to a magnetic-contactor coil provide 
no-voltage release. With the cylinder at point A, it picks up 
fingers, 1, 2, 5 and 6. Closing 5 and 6 connects coil across the 
line and closes contact to complete power circuit. Auxiliary 
contact closes and completes a holding circuit so that when the 
control is moved to points B, C, and D with 5 and 6 open, con- 
tactor remains closed. Closing contacts 1 and 2 connects motor 
field across the line with the starting resistance and armature 
in series. As motor accelerates, controller moved to point B 
picks up finger B, short-circuiting one section of starting resist- 
ance. If power fails while the motor is running, contactor 


opens, but cannot close again until the control is returned to 
starting position. Thus motor cannot be connected to line unless 
starting resistance is in circuit. 





4. Accelerating a motor according to load with counter-electre 
motive principle. Contactor coil B is connected directly across 
the armature, coil A across the armature and resistance B. As 
armature accelerates, voltage across terminals increases until 
contactor B closes cutting out all resistance, motor then coming 
to full speed. 
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> 
b 
Solenoid . > 9 xs è ‘ 0 
resistance - Starting 3. Starter, similar to Fig. 1, has a solenoid which pulls up a 
a" ” resistance starter arm and cuts out starting resistance. Motor starts when g 
Armature line switch is closed. Magnet coil connects directly across line e 
Contact $ -a w and swings arm up across the starting-resistance contacts re 
around the pivot. Dashpot retards arm motion so that starting 
resistance will not cut out too quickly. Contact arm shortcir- 
cuits solenoid resistance out of the magnet-coil circuit during 
starting. When arm reaches top of travel, integral stud lifts 
contact arm, placing resistance in coil circuit which reduces 
current in coil to a value sufficient to hold the arm in “on” 
position. With a magnetic contactor to open and close the 
power circuit and a float switch or pressure switch in the con 9 
tactor circuit, starter can be made fully automatic. 
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Speed-Control D.C. Motors 


5. Speed control for single motor drive may be obtained by 
an adjustable series resistor, or a combination of series and 
shunt resistors, which give speed regulation from zero up to 
full load value. To increase speed of loaded series motor above 
full-load value, a resistor is shunted across field winding. 


6. Shunt motor speed controlled from zero up to full-load 
value by series-armature resistance. Constant speed at any set- 
ting depends upon constant load. Speeds above full-load are 
obtained by a rheostat in series with field windings. Speed 
ranges of 1 to 6 have been obtained by field control of specially 
designed shunt motors. Armature-resistance and field-resistance 
control are combined for speed ranges above 1 to 4. For close 
control at low speed, armature may be shunted by a resistance. 


7. Variable voltage control is used, when field and armature- 
resistance speed control is not satisfactory. Each motor is 
powered by its own generator. Starting, accelerating, stopping, 
and speed control of the motor is obtained through rheostat 
adjustment of generator-field current. 


8. For occasional reversal with manual control, a double-throw 
switch can be used. On automatic control, armature reversal can 
be accomplished by use of two magnetic switches, one closing for 
one direction and the other for reversal. One magnet coil and 
armature circuit is shown in the figure. Throwing direction 
switch to the right will energize coil B to close contacts B, when 
contacts A open. With variable-voltage control, motor-armature 
reversal is accomplished by reversing the generator-field current. 


9. For frequent starting and stopping, a large part of the 
braking is usually done by reversal of starting operations or by 
connecting a resistance across the armature, or by a combina- 
tion of the two. Connecting resistance across the armature 
Causes motor to become a generator, thereby producing a 
braking action inversely proportional to circuit resistance. This 
method of stopping controls retardation with a minimum of 
wear on mechanical brake. (Continued on next page) 
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Starting, Speed-Control A.C. Motors 


10. Squirrel-cage and synchronous a-c motors can be staried 
directly across the line. A simple switch, either hand or mag- 
netically closed, throws full voltage on stator winding, causing 
maximum current to flow, and developing maximum Starting 
torque. Several methods of reduced-voltage starting are in use; 
motor windings can be connected in star for starting; and delta 
for running, suitable only where starting is comparatively easy, 
because starting torque with the star connection is only 33% of 
delta-grouping torque. 





11. Resistors or reactors in series with stator reduce voltage at 
motor terminals for starting, but take full value of starting 
Auto-transformers reduce starting cur- 
rent taken from line about in proportion to transformer ratio. 
Taps give a starting voltage of about 65 per cent to 85 per cent 
of line voltage, depending upon required torque. 


current from the line. 


12. Wound-rotor motors have high starting torque and low 
starting current. Insulated winding on the rotor is connected 
to an external resistance through slip rings and brushes on the 
motor shaft. At starting, line contactor is closed to energize 
stator windings. Starting contactors, 1, 2, 3 and 4 are closed in 
sequence to shortcircuit resistors out of the rotor as it acceler- 
ates. Can be manual or auomatic, or may include means for 
reversing direction of rotation, which on a 2-phase motor is by 
crossing the leads in either phase, and on a 3-phase motor, by 
crossing any two of the three motor leads. 





13. Synchronous motors can be started by connecting stator 
windings directly to line, or by connecting them to reduced 
voltage obtained through auto transformers, or by part-winding 
method. Stator winding is usually in two or more parts with 
terminals outside, so that one section of the winding can be 
connected in for starting and the others added as the rotor 
accelerates. The field circuit must be closed when rotor 
approaches synchronism so that it will pull into step. With 
manual starting, time of closing is a matter of judgment. When 
starting automatically, timing relays close the field circuit at 
proper time for maximum pull-in torque. 


Note: Wide speed adjustment is not easily obtained with ac 
motors except through special design. For constant load. 


wound-rotor motors can be run about 50 per cent synchronous 
speed; squirrel-cage motors may be wound for two or more fixed 
speeds. Speed-regulating sets are limited to large capacity 
drives. Adjustable-frequency systems require a source of adjust: 
able-frequency power. Where wide speed adjustment is re 
quired, a-c power is converted to direct current and one of the 
methods of speed control described for direct current motors 
is used. Single-phase motors are started by connecting directly 
to the line, by manual switch or pushbutton. Float, pressure. 


temperature, or other type of switch can be used for automatic 
starting. 
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Blind Hate and Unreasoning Hysteria 


IT HAS OFTEN BEEN SAID that a nation must be made to 
hate its enemies in order to overcome them. That is the 
basic reason for most war propaganda. But such propa- 


ganda is a double-edged sword. 


Before and during World War I, the American public 
was thoroughly soaked with propaganda. To their dis- 
credit, they swallowed much of it “hook, line and sinker” 
with the result that many foolish things were done that 
contributed nothing to the cause and even reacted unfavor- 
ably. The teaching of German was barred from practi- 
cally all schools, an act so silly that only a mind warped 
by blind hatred could justify it. To know your enemy’s 
language and customs is a powerful weapon which has 


been used with great success in every war. 


To hate so completely that one is blind to the points 
of superiority of an opponent is the surest road to disaster. 
Many prize fighters win by taunting their opponent into 
a blind fury. One way to victory is to study closely every- 
thing that the opponent possesses and quickly adopt every- 
thing good that he has. Hate his unworthy principles, 


hate his villainous acts, but don’t hate blindly. 


Likewise hysteria, born of fear and hate, spells the 
doom of any individual or nation that becomes a victim 
to it. Unreasoning hysteria born of fear will stampede 
any herd, be it cattle or humans. Unfortunately, the forth- 
coming political campaign may well breed groundless 


cause for hysteria. Probably much capital will be made 


of the unpreparedness of the United States and of the long 
time that will be required to put the country in a strong 


defensive position. 


What is past cannot be changed, but this is no cause 
for hysteria. The preparedness program is not only in 
excellent hands but it is being executed in a most thorough 
and expeditious manner. The active heads of it are two 
great and capable industrial leaders working in coopera- 
tion with the Army and Navy. They have frankly copied 
the German principle of thoroughness and are tieing the 
needs of the Army and Navy to the productivity of the 


greatest industrial system the world has ever known. 


Stettinius and Knudsen are not men who can be blinded 
by fear or stampeded by hysteria. They are planning 
thoroughly and are rapidly putting the wheels of industry 
into swift motion. The errors of 1917 are being avoided, 
there is no running around in circles, every move is 
counting, and they are gearing to maximum efficiency the 
world’s most powerful war machine—American industry 


dedicated to the defense of its nation. 


Blind hate and unreasoning hysteria have no place in a 
national defense program. It requires calm deliberation 
and determined execution to accomplish results. And that 
is the way the National Defense Advisory Commission is 
operating. Every patriotic American citizen should sup- 
port it with comparable calmness and determination. 


Heed not false prophets. 





VULCANIZED FIBRE 


ULCANIZED fibre, sometimes of paper laminate into a solid mass of strands are felted; absorption, which 
called hard vulcanized fibre or converted cellulose, which is leached determines how well the paper will 
chemically hardened fibre, is ob- in water until the zinc chloride is re- take up chemicals; hydration; and, 
tained by treating cotton rag paper moved. Jt is then dried, pressed and most important of all, the reactivity 
with zine chloride, which causes the calendered. The main factors deter- of the paper. The last two determine 
cotton fibres of the paper to swell and mining the suitability of the paper for how well the paper will respond to the 
partially gelatinize. The  gelatinized fibre making are the inherent strength chemical treatment. For these reasons, 
fibres within the paper adhere firmly of the cotton strands; length of the producers of vulcanized fibre usually 
to each other and superimposed plies strands; how well and uniformly the manufacture, or control the manufac: 


MANUFACTURE OF VULCANIZED FIBRE 
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ture of, the paper stock so that these 
qualities are maintained. 
The vulcanized fibre making process, 


illustrated below, is the method com- 
monly used to make thick fibre. Elec- 
trical insulation, trunk fibre, and other 
thin fibres are made by a continuous 
process. As many rolls of paper as are 
required to make the thickness desired 
are mounted on a stand. The webs 
of paper are passed simultaneously 
through the zinc chloride bath, over 
the cylinders, and then onto a long 
carrier in a continuous web to the 
purifying tanks. For leaching, the fibre 
in web form is passed from tank to 


T tank automatically. 


Time required for purifying the fibre 
sheets varies from about one hour for 
fibre 0.004 in. thick to thirteen months 
for fibre 2 in. thick. Time required for 
drying, like the time required for puri- 
fying, increases with the thickness. The 
purified sheets are hung in a heated 
room, the process being similar to the 
drying of wood in a kiln. Continuous 
fibre is dried on a dryer similar to a 
paper dryer. Six per cent is considered 
normal moisture content of fibre. If 


more than this amount of moisture is 
driven off, brittle fibre will result. The 
sheets which invariably warp consid- 
erably in the drying operation, are 
straightened between heated platens of 
hydraulic presses. Continuous fibre is 
held taut against the dryer cans and is 
produced in straight smooth sheets 
which do not require pressing. Calen- 
dering produces the smooth surface 
and increases density to a limited ex- 
tent. However, density is primarily a 
function of the chemical action. 

Tubes are produced by passing the 
paper through zinc chloride and imme- 
diately winding it on mandrels. Semi- 
automatic machines are used for this 
operation. Size of mandrel determines 
inside diameter of tube, and number of 
plies determines wall thickness. Man- 
drels are removed while the tubes are 
being purified and are again inserted 
before the tubes go into the “dry 
house.” After drying the tubes, with 
mandrels inserted, are rolled to ap- 
proximate size between grooved rolls 
similar to those of a rod mill. Final 
sizing of outside diameter is done on 
centerless grinders. Fibre rods are made 
by sawing sheets into rectangular rods 
and grinding them round on centerless 


In 1846, two French chemists dis- 
covered that filter paper, dipped 


in 66 deg. Be. sulphuric acid, 
washed free of acid and dried, 
materially changed its character. 
The soft porous filter paper had 
become a hard, dense substance. 
For some years this remained 
merely a scientific fact. In 1859, an 
Englishman, Thomas Taylor, dis- 
covered that a 70 deg. Be. zine 
chloride solution produced the 
same general effect on filter paper 
as sulphuric acid. Taylor patented 
the zine chloride method in Eng- 
land and tried to find some com- 
mercial use for his product. 
Either Taylor, or some of his con- 
temporaries, discovered that sheets 
of paper, treated with sulphuric 
acid or zinc chloride and lamin- 
ated under light pressure, would 
stick firmly together and, when 
leached free of the chemical and 
dried, would form a hard, almost 
homogeneous substance. 

The term “vulcanized” had some 
fifteen years earlier come into use 
in connection with rubber, to de- 


note rubber hardened by chemical 
means. Taylor hardened cellulose 


fibres by chemical means and 


called his product “vulcanized” 
fibre. In 1873 Taylor started the 
fibre industry in this country. 


grinders. Large rods are first turned on 
a dowel machine and then ground to 
size. 

Fibre may be formed when it is moist- 
ened, the degree of moistening depend- 
ing on the complexity of the shape 
being formed. The fibre becomes pliable 
as it absorbs moisture and when dried 
again becomes a hard, dense material. 
It is usually formed in either a punch 
press or hydraulic press. The former is 
used for relatively simple jobs that re- 
quire little or no moistening or rely on 
the inherent moisture content of the 
material, and where the job can be 
accomplished in less than a second. 

Simple bends can be made in an an- 
gle brake. The fibre is moistened, bent 
to shape, and then held in suitable 
forms to dry and harden. Forming is 
usually done in a punch press, partic- 
ularly for cupping and crimping. 
V-shapes are also formed in a punch 
press. Heated dies aid flow of the ma- 
terial and prevent fracture. Washers 


are swaged in a punch press but length 
of the raised section is limited to ap- 
proximately one-half the thickness of 
the stock. For cupping operations, slight 
humidification of the fibre sheets is 
recommended. Grain should run paral- 
lel to bend to prevent breakage. 

For deep drawing such as miners’ 
helmets, it is usual practice to soak 
the material and form it in a hydraulic 
press, after which it is dried to shape 
in heated dies. The material can be 
embossed and grained in hydraulic 
presses, or by use of a special calender- 
ing roll. 

Fibre is difficult to roll. The shapes 


or sections illustrated are formed in a 
hydraulic press to the desired shapes 
and are then cut into short pieces. 
Special shapes can be made from round 
fibre tubing, placed on a mandrel of 
the desired shape and passed through 
heated rolls. For irregular shapes, the 
fibre is moistened to aid flow. 

Tubing can be flared by spinning in 
a screw machine, utilizing a stationary 
tool. Frictional heat aids the flow in 
this “belling” operation. Tubing can 


be swaged or elongated in the same 


manner. Screw machines are also used 
to spin the tubing inwardly, this opera- 
tion also utilizing frictional heat to aid 
the flow of the material. 


In making shrink fits, tue fibre tube 


is moistened and then worked until its 
circumference is slightly increased. It 
is then slipped over the shaft or pulley 
or disk slightly larger in diameter than 
the original diameter of the tubing. 
When dry it shrinks into position and 
will not loosen unless moistened. 

Because of its good electrical prop- 
erties, particularly its resistance to arc- 
ing and tracking, vulcanized fibre is 
used in the electrical field where a 
material is required that is tough 
enough to withstand shocks, has high 
strength and good machining qualities. 
Typical uses are for socket and toggle 
switches, air circuit breakers, fuses, 
grommets, coil forms, shields, among 
many others. Since fibre contains no 
volatile matter, it does not give off any 
gas that will carbonize when subjected 
to an arc. 

Fibre combines good electrical prop- 
erties with high mechanical strength. 
However, because the material is hy- 
groscopic, in applications involving 
high humidity conditions it will ab- 





Typical shapes formed from vulcanized fibre sheets and rods, utilizing brakes, punch presses and hydraulic presses 


sorb moisture. Where high humidity 
conditions prevail, coating the fibre 
with paraffin or varnish will render the 
fibre moisture resistant. Fibre will ab- 
sorb moisture rapidly when actually 
immersed in water but absorption 
caused by change in humidity is rela- 
tively slow; hence temporary expo- 
sure to high humidity will not have 
any appreciable influence. 
Combination tubing, consisting of a 
fibre tube covered with a laminated 
plastic tube, is used extensively in high 
tension work as casings for fuses and 
lightning arresters which operate out- 
doors in all weather conditions. The 
purpose of the internal fibre tube is to 
give the cartridge a high arc resistance 
so that when a fuse blows or when 
lightning surges jump the electrodes, 
there will be no carbonization or “track- 
ing” to allow current flow. In addition 
the fibre liner provides the high me- 
chanical and bursting strength neces- 
sary because of the enormous pressures 
generated in the tube when arcing oc- 
curs. The laminated plastic outer tube 
provides resistance to weathering. 
The fibre tubes were originally tele- 
scoped inside of phenolic tubes, but 
there was poor bond between the fibre 
and phenolic tubes and in many cases 
the fibre liners fell out. After consid- 
erable work a method was developed 
whereby a phenolic covering could be 
rolled on the fibre tube thus making it 
an integral part of the fibre liner. If 
the wall of the fibre portion is large. 
one or more fibre tubes are telescoped 
to make the desired wall thickness. 
Two other properties of vulcanized 
fibre besides its neutral-gas-forming 
property make it particularly suited for 
use in expulsion tubes. Fibre under 
steadily applied stresses has strengths 
comparable to other organic insulating 
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materials but its impact strength or 
shock resistance is from three to seven 
times greater. Hence, the fibre liner in 
the cimbination tubes can resist the 
impact stresses set up by the spon- 
taneous generation of the gas. When 
an arc plays on fibre it volatilizes com- 
pletely without any carbon deposit. As 
many as ten discharges of 100,000 am- 
peres each have been sent through a 
combination expulsion tube without 
leaving traces of carbon on the ex- 
posed surfaces. The phenolic-covered 
tubes have excellent weathering char- 
acteristics and are free from warpage. 
Examination of tubes from both service 
and accelerated life tests have indi- 
cated that the phenolic portion retains 
its dielectric and mechanical proper- 
ties when subject to normal weather 
conditions. There is a slight discolora- 
tion of the phenolic wrapping after 
the original finish disappears but this 
condition is neither harmful to operat- 
ing characteristics nor injurious to the 
durability of the composite tube. 

Another important application for 
vulcanized fibre is in the insulation of 
rail-block joints. The current that ac- 
tuates automatic railway signals is 
transmitted through the rails and it is 
therefore necessary to insulate one 
block from another. Vulcanized fibre is 
the only material thus far developed 
that has proved to be satisfactory for 
this particular application. Since it is 
hard and tough, it withstands the flex- 
ing of the joint and the pounding on 
the rails of heavy locomotives and cars. 
It is formed to the contour of the rail. 
Being: a hard, stable material, it does 
not flow under compression. Flow might 
cause loosening of the bolts that hold 
the joint together. 

Another extensive use of fibre is 
found in grommets, washers and bush- 
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ings that protect electrical cord from 
abrasion. The fibre is electric- and heat- 
resistant, is not brittle and improves in 
toughness and hardness with age. It 
can be formed easily by swedging in a 
punch press. Fibre washers are exten- 
sively used in the plumbing industry 
as the fibre swells in presence of water 
to form a tight seal. 

Coil forms are assembled of two disks 
punched from sheet and attached to a 
fibre tube by spinning the two ends 
outwardly. To prevent inward move- 
ment of the disks a small shoulder is 
turned on the tube. This is satisfactory 
when wire is to be wound on the assem- 
bled coil; in some instances wire is 
first coiled on the tube and the disks 
then spun into place. Another type of 
coil form consists of a disk punched 
from sheet fibre and having a series of 


Fibre fuse tubes and a fibre puller 
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formed projecting lugs around which 
wire is wound. This is inexpensive and 
space-saving, and is useful for antenna 
transformers in radio receivers where 
wood could not offer the high electrical 
insulating properties required. 

Fibre can be glued or cemented to 
flat surfaces. In the textile industry use 
of this, in connection with high impact 
strength and resilience properties, is 
exemplified in fibre armored shuttles. 
The shuttles have glass-smooth, pol- 
ished, non splintering surface. Bobbin 
heads made of fibre do not chip, splin- 
ter, or crack. 

The resilience of fibre makes it use- 
ful for quiet-running gears and cams, 
since the slight yield of the material 
under impact tends to prevent wear or 
grinding and reduces shocks and 


strains on the equipment on which it 
is mounted. However, possible dimen- 
sional changes in fibre must be con- 
sidered. Fibre disks can be built up to 
any thickness and riveted or bolted ` 
together with metal shrouds, and then 
lathe-turned or hobbed to shape. Pul- 
leys in some cases are machined from 
solid sheet stock. 

Since fibre is tough and hard, the 
cutting edges of tools must be kept in 
good condition. The material is slightly 
elastic and tends to impinge against 
the back of the tool and generate heat. 
For quantity production high-speed 
steel or tungsten-carbide tools are rec- 
ommended, sharpened the same as for 
cutting brass. Slightly negative rake 
and large clearance are required for 
turning and boring operations. Allow 


Properties of Vulcanized Fibre 


(adapted from N.E.M.A. standards) 


400 ft. per min. peripheral speed for 
high-speed steel tools and 700 ft. per 
min. for carbide tools, taking as coarse 
a cut as possible and feeding as fast as 
is consistent with finish desired. 

For tapping, high-speed steel taps 
are recommended. A slight amount of 
oil on tap aids chip removal. Speed is 
100 ft. per min. When tapping parallel 
with laminations, material should be 
clamped to equalize stress and prevent 
possible splitting. For fine threading, 
chasing on engine lathes is preferred. 
Self-opening dies are better for quan- 
tity production. Threading speed with 
high-speed steel tools is 70 r.p.m., the 
same as for brass. 

Punching should be done at right 
angles to the grain of the material. 
Two general methods are favored: 
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punching similar to metal punching— 
using progressive or compound dies, 
and shaving—using hollow dies of hard- 
ened tool steel. Since fibre possesses a 
fair amount of resilience, punches 
should be made slightly oversize and 
dies should be slightly undersize to 
allow for the flow of the fibre in the 
punching operation. Allowance depends 
on the stock thickness, size of the hole, 
and density of the material. Recom- 
mendations should be obtained from 
the manufacturer. In difficult punching 
operations it is advantageous to heat 
the fibre. In this case, allowance might 
also have to be made for shrinkage due 
to cooling of fibre after punching. 

Shaving produces a smooth edge. 
Brass or soft steel plate on ram of 
punch forces material through the hard- 
ened steel hollow die. Die should have 
45 deg. bevel on cutting edge, and 
gives best results if a trifle dull. In- 
variably fibre can be shaved cold and 
up to 1% in. thick can be punched out 
of the strip. Above this thickness it is 
best to punch or saw the blanks and 
place them on the die one by one. Un- 
der difficult punching operations, such 
as on | in. thick or heavier fibre, it is 
advantageous to heat the fibre. An ap- 
plication of oil will also be of assist- 
ance. Again, account must be taken of 
the resilience of the material, the hole 
will be slightly smaller than the punch 
and the shaved disk will be slightly 
larger than the die. 

Fibre should be drilled at the high- 
est speed that will not burn the tool. 
High-speed steel or special drills with 
greater spiral, narrow web, and wide 
flutes are recommended, ground with 
a liberal clearance. Fibre should be 
drilled perpendicular to the grain when 
possible. Ordinarily the drilled hole is 
a few thousandths smaller than the 
drill; this may be overcome by grind- 
ing the drill slightly off center. 

Rough or band sawing. For rough 
cuts band saws 4 in. to 2 in. wide are 
used according to the thickness of the 
stock and the nature of the work. Saws 
should be run at approximately 4,000 
lineal ft. per min. The teeth should be 
ground straight across because the saw 
will not cut straight if the cutting edge 
is not square with the band. When 
smooth edges or accurate dimensions 
are required on tubing or sheets, use 
14 in. hollow ground circular saws with 
120 teeth for stock up to 14 in. thick, 
with 80 teeth for stock over 14 in. thick. 
Saws should be run at approximately 
3,000 r.p.m. Saws are usually ordered 
hollow ground 10-13-10 gage, tempered 
bone hard. Saws should be kept sharp 
and have little front rake with a liberal 
amount of clearance, bringing each 
tooth to a sharp point. 

Fibre should always be bent paral- 
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Grommet formed Upset washer 


from tubing with spun or 


peened end 
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Upset washer Threaded flan ed 
with plain bushing machined 
washer from rod or tube 


Flanged bushing 
with spun or 
peened end 


Flanged bushing 
with spring clip 


Methods of insulating holes and pro- 
tecting insulation with fibre grommets 
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Combination laminated phenolic and 
fibre tube used as lightning arrester 


‘Fold corners 
to avoid 
opening 


Material — 0.015” Fyberoid 





Fan bearing bracket insulation—working drawing 


lel to the grain (long way of the sheet). 
because it is difficult to bend it across 
the grain without breaking. It is gen- 
eral practice to soften the material by 
immersing in hot or cold water and 
then drying it in heated forms under 
sufficient pressure to keep the shape 
desired. If the material can be steamed 
instead of immersed, it will require less 
setting time. 

Shearing fibre is similar to shearing 
brass or soft metal. However, the capac- 
ity of the shear for fibre will be three 
times that for soft steel. When a good 
edge is desired, the limiting thickness 
of fibre is 4g in. Larger thicknesses 
can be sheared if finish of the edge is 
not important, or if subsequent ma- 
chining is possible. 
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odern Designs 


Behind the design refinements— 


“In the model 60 Hoover cleaner we 
have incorporated the first major re- 
sults of ten years’ research in the re- 
duction of noise developed by clean- 
ers. This research program involved 
three years’ activity at the University 
of Michigan to give us a start with the 
building and equipping of our own 
sound laboratory, the training of oper- 
ators, and the analysis of noises. An 
intense study of means to reduce clean- 
er noises followed; the results of this 
study have been incorporated in the 
new model Hoover. 


“Improved balancing equipment has 
been installed and high frequency tests 
for electrical units have been devised 
by the engineering department to im- 
prove quality. Similar equipment for 
noise evaluation is in course of develop- 
ment which when completed will be- 
come part of the regular inspection 
apparatus on the production line. 


“Model 60 introduces the use of Nylon 
fibers in the brushes of the carpet con- 
tacting element. A cooperative devel- 
opment program with du Pont was in- 
augurated as soon as it became appar- 
ent that Nylon would be suitable for 
brush fibers. Actual service tests on 
these new synthetic brushes indicated 
that life would be four times as long 
as that obtained with the usual horse 
hair bristles.” 


D. G. SMĪmELLIE, Chief Engineer 








Cored tuft holes. “wa Aluminum 


‘as cast” 
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alloy brush backs 


Reduced Height, Quieter Operation through Re-design 


«—_— finished brushes 


| 





Brown ripple enamel finish, with 
good abrasion resistance, is applied to 
the main casting. Styled by Henry 
Dreyfuss, the color scheme is brown 
with gold trim. Through redesign of 
motor, housing and fan system, overall 
height was reduced to 6% in. as com- 
pared with 7% in. for previous model. 


Operating noises were reduced 
through use of helical brushes. Alu- 
minum alloy brush backs are die-cast 
to the finished shape, despite the fact 
that there are 25 cored holes in the 
long brush. Use of Nylon allowed 
close specification of brush stiffness. 
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MODERN DESIGNS — Motor Redesign Reduces Cleaner Height 


Tool connector 
barrier and 


Jock 


Rear whee/ 
support 


mA Joo/ 
connector 
housing 


vibrator 


Cleaning Tool Connector 


Destroyable bag 
("Hygienisac” ? 


Destroyable Bag Assembly 
( Rear View ) 


Two types of bags are provided, 
one a standard cloth bag made from 
Filtaire fabric, equipped with an ex- 
haust muffler and a reinforcing frame 
in the upper end for easy emptying. 
The second bag is a destroyable unit 
consisting of a Hygienisac made of 
Fibrefelt, fitted with a rayon cover. 
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Mechanism which allows easy insertion of the clearing 
tool connector for above-the-floor cleaning is shown at left 
in the bottom view. To insert this connector, the rear 
of the cleaner is depressed, causing the rear wheel support 
to pivot on the main casting. This removes the tool connec- 
tor barrier, allowing insertion of the connector through the 
housing. Release of pressure allows the leg of rear wheel 
support to rest on the tool connector, locking it in place and 
at the same time keeping the nozzle of the cleaner raised 
from the carpet. Pulley cover is die-cast. Manually oper- 
ated mechanism for raising and lowering nozzle was elimin- 
ated by designing so that nozzle lips assume correct height. 


Seventeen parts of high impact phenolie molding 
materials are used in the cleaner and accessory fittings. A 
special graphite-filled phenolic is used for the wheels to 
prevent squeaking after a period of use, as lubrication of 
the shaft alone previously did not accomplish this purpose. 
Exterior parts are brown for decorative reasons, the interior 
parts are molded in jet black. 
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Muffler in cloth bag assembly consists 
of a sponge latex liner reinforced with 
a spring wire coil, and covered with 
sheet rubber. This provides flexibility 
necessary to allow movement of the 
handle and bag. A self-closing valve 
is placed on the end of the muffler to 
prevent dirt from escaping from the 
lower end of the bag when it is being 
emptied. The entire unit is fastened 
to the cleaner by a die-cast bag flange. 

The muffler assembly for use with 
the destroyable bag also has a sponge 
latex muffler liner. Flexibility is pro- 
vided by two castings hinged together 
and connected by means of a rubber 
bellows. The muffler liner is inclosed 
by an aluminum alloy tube which also 
acts as a pilot when installing the Hy- 
gienisac. The clamping mechanism 
for the Hygienisac can be seen on the 
outside of the aluminum tube. Molded 
sponge latex was found to fulfill all 
requirements for the muffler iiner pro- 
vided that the density of the material 
was held within close limits. 


Outline of Model /50 which was 
replaced by new Mode! 60. 
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Molded phenolic motor hood, \ 


Dirt-finder lamp---, 
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Glass dir t-fnder lens, \ 


Eg 
C 
E AA _— 
Field coll, 


T o 





A 


(Mode! |50)------ 


8 
6 (Mocte/60)----- 


, 


-----7 


Rug E 
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structure 





1% in. reduction in height was 
accomplished in redesign. The dotted 
outline represents the Hoover Model 
150 replaced by the new cleaner. The 
greatest amount of this reduction was 


achieved through redesign of the mo- 
tor. The single field coil is wound on 
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Cloth Bag Unit ees. 
( Muffler, Valve and Bag Flange Assembly) oe 
B. Bag clamp lever 
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Muffler Liner for 
Destroyablé Bag Unit 





Bellow. 


Destroyable Bag: Unit ( Muffler, 
Bag Clamp, Bellows and Bag Flange Assembly ) 


Steel grip with molded- 
on rubber cover, 


‘Molded phenolic 


Control rod for finger- 
grip cover 


tip- handle positioner, 
Fibre handle insulator--~. 
Rectangular aluminum 
alloy handle. 


Molded phenolic handle 
UN receptacle and 
i > sockety 


~~Molded-on rubber 


cord protector 


y _ - - Hygienisac chsure clip 
a 


— 


——Ffibre felt Hyquenisac 


-—-Rayon protective cover 





Se 
wi penp latex 


muffler liner -Molded-on attach- 


ment plug 


~ Rear - wheel support springs 


~~ ~~ Stee/ rear-wheel support 


~~Aluminum alloy fan 
the base of “U” allowing field coil to 


be placed in a position such that it 
does not interfere with other parts of 


stack to be reduced in height from 0.9 
in. to 0.6 in. Height was further re- 


duced by pivoting the handle socket at 


the motor. Thus the commutator, the rear. The handle can be lowered 
brushes and ventilating system could be parallel with floor, in this position 
lowered. The larger diameter arma- socket will be level with motor hood. 


ture on Model 60 permitted the field Dirt-finder lens is of heat-resistant glass. 


299 





Cleaning oil drums involves appli- 
cation of heated wash solution on the 
outside to remove paint and dirt, and 
washing on the inside to remove oil, 
followed by hot rinsing, and air dry- 
ing. This cycle is accomplished auto- 


440V,60—-~~ 


w ` 
3 L2 @L3 Ħ?L1 


Clutch coil 
Timer 








(B) 
Wash motor € 


3 hp. -- -7 


Cleaning operation. The drum is 
placed in the cradle and the combina- 
tion spray and siphon is inserted in the 
bung hole, and the drum is tilted to an 
upright position. Closing of door au- 
tomatically operates a switch which en- 
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Air solenoid 
\ 


matically in the Portco reconditioner. 
The steel plate shell has welded parti- 
tions which form the 
washing and rinsing 


compartments for 
solutions. Stain- 
used in the caus- 
Cleaning and rins- 


less steel fittings are 
tic and rinse lines. 


FI ° 
IE 


le ee et 
o 


ing solutions are heated by steam; tem- 
perature is maintained automatically 
by an American Regulator controller. 
Wash and rinse pumps are Ingersoll- 
Rand, direct connected to General Elec- 
tric explosion-proof 3 hp. motors. 





To Supply switch and 
2 to 5 amp. circuit breaker 


L2 LS LI 
ae Lt 
b60 nw 3-a- 


Turn table motor 3/4 hp. 


440V 


(A) G.E. magnetic 


motor-starters 
Eagle Signal 
polyflex timer 


ergizes the timer controlling the pumps, 
air solenoid, and signal light. Heated 
wash solution is then sprayed simul- 
taneously on the drum outside and in- 
terior. The solution is siphoned from 
the interior by suction created by the 


—__________II"- 


7/0 V, 60 nw St 


Push button 
station 


Start Stop 


G.E. magnetic 

motor -starter 
with overload 
heaters 





entering solution. When washing cycle 
has been completed the timer stops the 
wash pump and trips the air solenoid 
to siphon out any solution remaining 
in drum. Rinse pump is then ener- 
gized. After rinsing, drum is air-dried. 
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Float Actuates Switches Through Alnico Magnets 


j — eee ‘iberg/os 


BOETE IODE N WERS, A E E O 








High-tem- 
perature 
asbestos- 

| base 

| gaskets 








Cs LaS 
- LIQUID LEVEL CONTROL LOW WATER CUT-OFF 
Switching action in the Schaub seamless copper tube. As the piston piston, tilting the mercury switch 
n- Magnetrol is obtained through the rise reaches a predetermined level in the mounted on the magnet arm. The 
ly and fall of a 0.17 chromium, stainless tube, it comes into a permanent magnet- mercury switches are connected by 
if steel piston attached to a monel float. ic field produced by an Alnico magnet. glass-insulated wire. High-temperature. 
|l- The piston slides in a kard-drawn, Thus the magnet moves in toward the asbestos base Garlock gaskets are used. 
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ycle 

the 

noid 

ring Molded of water-resistant plas- rosion or electrolytic action. Construc- tacts, Chamet bronze switch parts, plas- 
ner E tie, the housing of the Geo. W. Flem- tion includes stainless steel armature tic and hard rubber float. Housing is 
“ied. ing bilge pump is not subject to cor- shaft. monel metal rivets, tungsten con- molded of a Durez plastic. 
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MODERN DESIGNS 


Oxygen generating machine for 
home use, designed by Ray-O-Zone 
Corporation, produces an ultra-violet 
corona which delivers enough oxygen 
to destroy impurities in a space of 
5,000 cu. ft. Fan is mounted in the 
l6-gage steel two-piece cabinet. Aver- 
age 110 volt current consumption at 
normal rates is 30—40¢ per month. 
Styled by Barnes and Reinecke. 


Transparent valve, fabricated of 
Lucite and Plexiglas by the Dave 
Swedlow Corporation, is an exact scale 
model for sales purposes of an A. W. 
Cash Company streamlined pressure- 
reducing valve. It is ten inches high. 
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Kneadermaster mixer, developed 


by Patterson Foundry & Machine Com- 
helical-cut, 
automatically 
cated, and inclosed in oil-tight hous- 
Mixer body is mounted on over- 


size center trunnions. Dumping is ac- 
complished by means of a high-starting 
torque, low - starting - current motor 
built into the machine, pushbutton con- 
trolled. Blades can be cored for circu- 
lation of heating or cooling mediums. 
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To maintain paper tension, winder motor is receiver in synchrotie system, transmitter is direct-coupled to main drive 


SYNCHRONIZED DRIVES 


Features and Applications of Synchrotie Systems 


W. DRAKE 


Westinghouse Electric & Manufacturing Company 


WO OR MORE machines or There is a close analogy between an 
units can be made to turn or electrical “synchrotie” system and a 
move in unison either by means lineshaft or mechanical transmission 
of a mechanical tie such as shafts, gears connecting two machines. Both a syn- 
and chains, or by having a wound-rotor chrotie and a lineshaft will transmit 
induction motor, connected in such a torque or power and after steady run- 


angular difference between the two 
ends of the shaft. so also is there an 
angle of lag in the synchrotie system 
In the case of the shaft transmission 
the amount of angular twist depends 
upon the torque transmitted, the diame- 


manner that any rotation of the arma- 
ture of one of the motors causes an 
equal rotation of the armature of the 
other motor. The term “synchrotie” has 
been adopted to denote such a combina- 
tion of suitably connected wound-rotor 
induction motors. 


July, 1940 


ning conditions have been established, 
in both cases the delivery end of the 
transmission will make exactly as many 
revolutions as the receiving end. Just as 
in the mechanical transmission the shaft 
will twist upon application of the torque 
to be transmitted and thereby cause an 


ter of the shaft and the length of the 
shaft. In a synchrotie drive the angular 
difference between the two units is a 
function of the size of the motors and 
the torque transmitted. 

In general, where power is trans- 
mitted by any combination of shafts, 
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gears or other mechanical units, the 
same results can be accomplished by a 
properly designed synchrotie drive. The 
more complicated the mechanical drive, 
the more pronounced will be the advan- 
tages of the electric system. 

In its simplest form a_synchrotie 
drive consists of two duplicate wound- 
rotor induction motors as shown in Fig. 
4, with the primaries connected to the 
3-phase power supply and the rotors 
connected together. When properly con- 
nected or phased out, the machines 
remain stationary when line voltage is 
applied. and there is no current in the 
rotor circuits. When one unit, called 
the transmitter, is turned, the small 
phase displacement between it and the 
other unit, called the receiver, causes a 
current to flow between the machines, 
thus developing torque or turning 
moment. 

Many of the problems involved in the 
application of synchrotie drives are 
similar to those encountered in the 
application of induction motors, such as 
the consideration of starting and maxi- 
mum torques, maximum operating 
speed or speed ranges, load torques 
over the speed range and the motor tem- 
peratures that may result. There are, 
however. certain factors which are pe- 
culiar to the synchrotie system and 
which must be carefully considered in 
making applications. Some of the more 
important or common factors are ex- 
plained in this article. 


Fundamental Factors 


SYNCHRONIZING. The two units must 
be synchronized or connected to the 
line when both are at a standstill. If 
operating requirements do not permit 
the stopping of both sections of a ma- 
chine for synchronizing, a friction 
clutch may be used between the re- 
ceiver and its load or between the 
transmitter and its drive so that the 
synchrotie is energized at all times. 


Direction OF Rotation. With both 
units energized from a polyphase source, 
if the transmitter is driven in the direc- 
tion it would normally run as a motor, 
the tie is said to operate “with the 
field.” If the transmitter is driven in 
the opposite direction, the tie is said to 
operate “against the field.” For each of 
these conditions the receivers operate in 
the same relation to the field as the 
transmitters, the relationship being re- 
ferred to their normal rotation as 
motors. Each rotation has certain ad- 
vantages and limitations. 


MAXIMUM SPEEDS WITH THE FIELD. 
When operating with the field the maxi- 
mum speed must not exceed two-thirds 
of the synchronous speed of the unit, 
that is, 1,200 r.p.m. for 4-pole, 60 cycle 
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Fig. 1 — Characteristic torque-displace- 
ment curves for two 5 hp., 4-pole, 
wound-rotor synchrotie motors operating 
at zero speed 
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Fig. 2 — Characteristic torque-displace- 
ment curves for two 5 hp., 4-pole. 
wound-rotor synchrotie motors operating 
at 900 r.p.m. 
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Fig. 3—Maximum torque values available at various speeds using two 5 hp., 4-pole, 


wound-rotor motors for the synchrotie units 


motors. The synchronizing torque de- 
creases rapidly above this speed, and 
maximum speeds below 1,200 r.p.m. 
may frequently be required in cases of 
pulsating or fluctuating loads. 


MaAxImMuM SPEED AGAINST THE FIELD. 
When operating against the field, speeds 
up to or above synchronous speed are 
permissible. At synchronous speed the 
frequency in the rotor is twice the line 
frequency, thereby causing higher rotor 
losses. Another limitation to this 
method of operation is that in case of 
overload or the tie pulling apart the re- 
ceiver tends to reverse and run as a 
motor at synchronous speed in the oppo- 
site direction. Under similar conditions, 
when running with the field the re- 
ceiver speeds up in the same direction. 





Receiver 


Transmitter 


Fig. 4—Simplest form of synchrotie drive 
consists of two duplicate wound-rotor 
induction motors with one tied mechani- 
cally to the driving motor 
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DisPLACEMENT ANGLE. The mechanical 
degrees displacement between the two 
units is equal to the electrical degrees 
divided by the number of pairs of poles 
per unit. For instance, if two 4-pole 
units for a given torque operate at a 
displacement of 20 electrical degrees 
the mechanical angle would be one-half 
of twenty or 10 degrees, since there are 
two pairs of poles. Angular displace- 
ment is seldom of much importance on 
drives which run continuously or on 
which large gear ratios are employed, 
but it may be of vital importance when 
used as position indicators operating in 
both directiens. 


SYNCHRONIZING Positions. Two-pole 
machines will synchronize in one posi- 
tion only and consequently are required 
for position indicators and similar ap- 
plications. Four-pole units synchronize 
in two positions, 6-pole in three; the 
number of positions always being one- 
half the number of poles. 


Cuorce OF NuMBER OF Pores. As a 
rule, units of 4-pole construction are 
used so that operation with the field up 
to a reasonable speed, of the order of 
1,000 r.p.m., is possible. Two-pole de- 
signs may be required for certain 
applications but are more special and 
expensive. For applications requiring a 
smaller angular displacement, six or 
eight pole machines may be necessary. 
When it is desired to operate the trans- 
mitter and receiver at different speeds, 
the use of a different number of poles 
on the two units may prove advan- 
tageous instead of using gearing or me- 
chanical speed changers. For instance, 
if the transmitter has six poles and the 
receiver two poles, the receiver speed 
will be three times that of the trans- 
mitter, Thus a transmitter speed of 
1,600 r.p.m. (against the field) gives 
4,800 r.p.m. receiver speed, an appli- 
cation now in use on wire insulating 
machines. 


Receivers 





Fig. 5—Two or more receivers can be operated from one trans- 
mitter as shown in this schematic diagram. Fig. 6—An arrange- 
ment frequently used for large capacity drives where power is 
supplied to each section and the synchrotie drive is used only 
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SpEED-ToRQUE Curves. In Figs. 1, 2 and 
3 are shown characteristic torque-dis- 
placement curves of synchrotie units, 
the values in this instance being those 
obtained when using two 5 hp., 4-pole,- 
wound-rotor motors. In Fig. 1 the 
values are with both units at zero speed, 
while in Fig. 2 the units are operating 
at 900 r.p.m., that is, one-half of syn- 
chronous speed. In Fig. 3 are shown the 
maximum torque values available at 
various speeds, also the torque which 
may be carried continuously with a 
safe temperature rise of 50 deg. C. At 
900 r.p.m. a torque of approximately 
12 ft.-lb. can be carried safely, and by 
referring to Fig. 2 it is seen that this 
corresponds to a displacement angle of 
approximately 20 electrical degrees or 
10 mechanical degress, in this particu- 
lar case. In other words, if worked at 
a load to give the maximum tempera- 
ture rise, there would be about 10 de- 
grees difference between the transmitter 
and the receiver. For reversing service 
this may or may not be important, de- 
pending on the gear reduction and the 
accuracy required. If geared down with 
a 20 to 1 ratio there would be a varia- 
tion of plus or minus % degree for full 
load torque and proportionally less for 
lighter loads. 

From Fig. 1 it is seen that the maxi- 
mum receiver torque when operating 
with the field is approximately 50 ft.-lb. 
as compared with 30 ft.-lb. in the oppo- 
site direction. Consequently for revers- 
ing service the minimum value must be 
used for calculations of starting torque, 
acceleration, and similar factors. The 
starting torque required by any machine 
is a fairly definite figure, but the acceler- 
ating torque is a function of the inertia 
and rate of acceleration. In the case of 
a synchrotie drive the acceleration and 
deceleration or braking are determined 
by the main drive. Ordinarily, no diffi- 
culties are encountered along these 
lines, but if the load driven by the re- 


`J-phase power 


ceiver has a high inertia and the main 
drive is a linestart squirrel cage motor 
with a low inertia load, trouble might 
be encountered. 


Example of Application 


A simple application of synchrotie 
drive is the feed mechanism of a ma- 
chine which requires 1 hp. at 100 r.p.m 
and constantly the same torque down 
to a speed of 10 r.p.m. The transmitter 
can be driven from the main drive 
motor at a speed of 1,000 r.p.m. and 
would consequently operate at speeds 
from 1,000 down to 100 r.p.m. The most 
economical arrangement is to operate 
the receiver also at 1,000 r.p.m. and by 
means of gearing reduce the speed to 
100 r.p.m. Gearmotors work out highly 
advantageously for such drives. 

Assume the use of 4-pole machines, 
that is 1,750 r.p.m., 60 cycle, wound- 
rotor motors. Then 1 hp. at 1,000 r.p.m. 
would correspond in torque or frame 
size to 1.75 hp. at 1,750 r.p.m. On this 
basis a 2 hp. motor might be chosen to 
deliver 1 hp. as a synchrotie at 1,000 
r.p.m., but since the same torque, that 
is, the same amperes in the rotor, must 
be carried down to a speed of 100 r.p.m. 
or 1/18 of the synchronous speed, it 
is evident that either a larger motor or 
forced ventilation must be used in order 
to maintain a safe temperature at the 
minimum speed. If the tie is energized 
for any length of time at zero speed, 
this also must be taken into considera- 
tion, but the control can usually be 
arranged to disconnect the tie when the 
main drive is shut down. Depending on 
the load conditions, inclosures, ambient 
temperatures, etc., either a 3 hp. or per- 
haps a 5 hp., 4-pole frame size would be 
needed if forced ventilation is not used. 

Numerous modifications of the simple 
drive shown in Fig. 4 may be made, and 
some of the more common are illus- 
trated in Figs. 5, 6 and 7. Two or more 
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to hold the main drives together. Fig. 7—By adding a fre- 
quency changer in the rotor circuit of a single synchrotie drive 
the speed of the receiver relative to that of the transmitter can 
be increased or decreased 
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Fig. 8 —A simple and inexpensive manu- 
ally controlled scheme for applying 
single-phase to bring rotors approxi- 
mately in phase and then connecting to 
the three-phase power 


receivers can be operated from one 
transmitter as shown in Fig. 5, and 
although they may be of different 
ratings and speed, (number of poles) 
they must be specially designed for such 
a connection. The transmitter must be 
of sufficient capacity to supply the com- 
bined load or torque of all the receiv- 
ers. Such an arrangement may be ad- 
vantageous for synchronizing various 
portions of one machine or synchroniz- 
ing the operation of several independ- 
ent machines. 

The arrangement in Fig. 6 is fre- 
quently used in drives of large capacity 
where power is supplied to each section, 
and the synchrotie drive is used to hold 
the main drives together. The rating 


of the tie unit is determined by the 


unbalanced load or torque between the 
main drives, and any tie unit may oper- 
ate either as a transmitter or a receiver 
depending on the load conditions. Bas- 
cule or lift bridges often use such an 
arrangement, and as a matter of insur- 


ance the tie units are frequently of 
sufficient capacity to operate one side 
of the bridge alone in case of failure of 
one of the main units. In an emergency 
each of the two main motor drives must 
be of sufficient capacity to operate the 


entire bridge using only one of the 


two main motors. 

In Fig. 7 is illustrated the addition of 
a frequency changer in the rotor circuit 
of a single synchrotie drive in order to 
increase or decrease the speed of the 


receiver relative to that of the trans- 


mitter. The frequency changer consists 
of a wound-rotor motor of similar size 
and characteristics to the tie units, to- 
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gether with suitable gearing and driving 
motor so that it can be rotated at a low 
or variable speed. If all of the tie units 
have the same number of poles and the 
frequency changer is rotated at a speed 
of 1 r.p.m., the speed of the receiver 
will be increased or decreased by 1 
r.p.m. depending on the direction in 
which the frequency changer is driven. 
At zero speed the frequency changer 
has no effect on the speed of the re- 
ceiver, but its connection in the electri- 
cal circuit reduces the torque available 
quite materially and the entire drive 
must be estimated on this basis. The 
frequency changer is in effect an elec- 
trical differential and various arrange- 
ments of the drive and control of its 
driving motor are possible to meet speci- 
fic conditions. For instance. with the 
transmitter at a standstill it is pos- 
sible to rotate the receiver at the same 
speed as the frequency changer for 
making machine adjustments, taking up 
slack, and for similar purposes. 


Control of Synchrotie Drive 


Even with the tie units at zero speed 
when connected to the line, it is fre- 
quently found that if 3-phase power is 
applied the units will not synchronize if 
their rotors are displaced at too great 
an angle, thereby causing one or both of 
the units to operate as a motor, tend- 
ing to run to synchronous speed. If the 


load driven by the receiver is mostly 
friction, such as conveyors and feeding 
devices, the application of 3-phase 
power is frequently satisfactory. But to 
insure synchronizing under all condi- 


tions it is recommended that single- 
phase be applied first in order to bring 
the rotors approximately in phase., and 
then 3-phase power be connected. This 
sequence can be made automatic if nec- 
essary, but a simple and inexpensive 
manually controlled scheme is shown in 
Fig. 8. This consists of a standard line- 
starter with an additional contactor for 
opening one phase, together with a 


pushbutton using upper and lower con- 
tacts. When the button is depressed the 
linestarter is closed and held in. apply- 
ing single-phase to the drive. and thei 
when the button is released the second 
contactor closes, connecting the third 
phase to the line. A slow operation of 
the button, that is, a second or two, is 
usually sufficient. As an approximate 
rule it can be stated that the size of 
the linestarter may be chosen as that 
suitable for the motor rating used for 
the transmitter only. That is. if a 5 hp. 
motor rating is used for the transmitter 
to supply one or more receivers. then a 
5 hp. starter would be used. The above 
approximate rule applies only when 
3-phase power is used. But with single- 
phase excitation, which is also satisfac- 
tory in certain cases especially with 
smaller ratings, the size of the starter 
will be approximately twice as large, 
that is, equal to the sum of the ratings 
of the transmitter and receiver. 
Although separate control can be sup- 
plied for the synchrotie as shown in 
Fig. 8, it is frequently desirable to de- 
sign and build the control for the main 
drive and the tie together so that suit- 
able interlocking is obtained. It is thus 
possible to arrange the circuit so that 
the tie must be closed before the main 
drive can be started. If desired, it can 
also be arranged so that the stop but- 
ton of the synchrotie is inoperative 
when the main drive is running or the 


tie cannot be disconnected until a defi- 
nite time after the main 
stopped. 

One feature obtainable with a syn- 
chrotie drive which is not possible with 
mechanical transmission is the inde- 
pendent operation of the receiver as an 
induction motor with rotor resistance. 
Such operation is frequently desirable 
in making machine adjustments or set- 
ting up work. A double-throw arrange- 
ment of the control circuit transfers the 
connections of the receiver from the 


transmitter to a suitable resistor or 
control equipment. 


drive has 


Typical Synchrotie Applications 


Bottle making machines and discharge conveyor 


Textile range drives in finishing and bleaching plants 


Kiln and kiln feeder in cement plants 


Screwdown control in steel mills and bascule and lift bridge drives 


Marine way using individual drive for each chain 


Paper supercalender and winder and paper coating machines 


Linoleum calender and conveyor 


Remote operation of belt shifters and remote operation of valves 


Wire insulating machines—both rubber and paper 


Feed drives on boring mills and other machine tools 
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Battery of infra-red drying lamps for baking finishes on automobile steering wheels 





Ford Motor Company 


INFRA-RED LAMP BANKS 


For Drying Finishes and Materials 


H= as produced by the radiant 
energy in the short wave lengths 
in the infra-red range of the 
spectrum is being utilized widely for 
drying finishes, moisture drying, soften- 
ing of plastic materials and for other 
processes requiring heat. First applied 
a few years ago by the Ford Motor Com- 
pany to the drying of automobile fin- 
ishes, many experimental and produc- 


tion installations have since been made. 
Experiences gained from these pioneer 
projects point the way to certain advan- 
tages and limitations in the application 
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of infra-red heating to many production 
and design problems. 

Incandescent bulbs arranged in vari- 
ous ways furnish the energy for infra- 
red drying. Both tungsten and carbon 
filament lamps are used. Originally the 
standard lamp size was 240—260 watts. 
Recently tungsten lamps of higher ca- 
pacity, 500 and 1,000 watts, have been 
announced for this process. About 90 
per cent of the input power of these 
lamps is emitted as infra-red energy. 
Wave length depends on the operating 
temperature of the light source. Gener- 


ally, the maximum energy distribution 
of these lamps occurs at wave lengths 


of about 11,000 to 14,000 Angstrom 
units (0.0000011 to 0.0000014 meters 


long) depending on the type. The oper- 
ating temperature attained gives a good 
balance between maximum penetration 
obtainable at high temperature-short 
wave lengths and maximum absorption 
at low temperature-long wave lengths. 

Reflection factors for various mate- 


rials used in incandescent bulb high- 
temperature sources to reflect radiant 
energy are listed in Table I. Generally 
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Table I—Characteristics of Different Types of Reflectors 
(a eR RE TR aaaeeeaa 
| APPROXIMATE 


REFLECTIVITY 
Per CENT 


MATERIAL COMMENTS 
i 


Gold.. 

Aluminum (processed). . . . 
Aluminum (polished)... . 65-88 
60-80 


Chromium plating... 


Good ) 
Copper... 


Subject to fouling from certain vola- 
tiles which emanate from lacquers 


Durable, easily cleaned surface with 
good resistance to volatiles 


Reflectivity varies with wave length 
of radiation. Oxidizes rapidly 


Low reflection factor in the 10,000 
Angstrom region 


Rapid tarnishing or oxidation in ordi- 
nary atmospheres 


Table Il—Hardening Characteristics of Finishing Materials 


| 
| 


MATERIAL BAKING 


} 


| TEMPERATURE 





Synthetic enamels: alkyd) 250-350 deg. F. 
(1.75-2.0 watts 


synthetic and urea-form-! 
aldehyde modified syn- 
thetics 


per sq. in.) 


| 350-400 deg. F. 
(about 2.8 watts 


per sq. in.) 


Lacquers. . 


Wrinkle finishes 


Japans 


reflectors are of two shapes. either para- 
bolic for general purposes or a deeper 
bow! shape for providing concentrated 
and more uniform light. The tempera- 
ture on the surface to be treated is 
dependent on the following factors: 

l. Radiant energy per unit area. 
Tests indicate that a concentration of 6 
watts per sq.in. on 20 gage black 
painted sheet steel will give a tempera- 
ture of 500 deg. F. in 5 min. while a 
concentration of 2 watts per sq.in. will 
give a temperature of only 280 deg. F. 
in the same time. Concentration of 
energy depends on the wattage of the 
lamps, as well as the design and spacing 
of the reflectors. 

2. Distance from lamp to surface. 
Amount of heat at the surface of the 
part varies inversely as the square of 
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100-150 deg. F. 


150-150 deg. F. 


COMMENT 


Harden by polymerization and/or 
oxidation. Oil modified resin is 
used as the vehicle. Response to 
infra-red treatment depends on pig- 
ments and color 


| Harden by evaporation. Since they 
are dried at low temperature to 
avoid pinholing and bubbling no 
discoloration will occur. Formerly 
air dried because of the low tem- 
peratures 


| More difficult to bake out because of 
the high temperatures required 
and/or time required for oxidation 


Baking japans have not proved eco- 
nomical for this method of drying 
as the vegetable oils which they 
contain harden too slowly. Air- 
drying japans offer no difficulty 


the distance to the lamp. In commercial 
practice this distance is usually 6 to 18 
in., depending somewhat on the time 
the pieces stay under the lamp. 


3. Reflection factor of the surface 
being treated. The higher reflectivity 
factors, such as that which white enam- 
els or paints have, tend to slow up the 
rate of drying because insufficient 
energy is absorbed. Reflection factors 
vary with change in the wave length of 
the infra-red. Table III indicates this 
variation for some pigments. 

4. Mass of the material. Too large a 
mass with limited surface presented to 
the rays will cause heat to be conducted 
away from the surface and retard the 
drying of the finishes. However, this 
factor is useful when baking cores or 
motor armatures. Tests on sheet steel 


panels painted black indicate that thic'.- 
ness has an appreciable effect on thie 
“heating-up” time. In 4 min. a 14 gave 
panel reached a temperature of about 
230 deg. F. while a 20 gage panel, oniy 
about half as thick, reached a tempera- 
ture of about 260 deg. F. in the same 
time. In 8 min. the temperatures. were 
300 to 325 deg. F., respectively. 

If the baking time is sufficiently long 
the mass is heated through and from 
then on the thickness of the piece has 
no further effect. However, with finishes 
which have a short baking time the 
thickness has a definite effect on the pro- 
duction rate since a large percentage of 
the total heating time is consumed in 
bringing the heavier gages up to drying 
temperatures. 

Other miscellaneous factors which 
affect the temperature and the rate of 
drying because of their effect on the 
rate of reaching working temperatures 
are: the specific heat and conductivity 
of the material; heat losses from low 
temperature radiation by the work; 
effect of air currents or drafts; conduc- 
tion to backing or supporting members; 
area presented as a “target” for the 
rays: film thickness and type of finish. 

While the cooling effect of drafts 
should be kept to a minimum a certain 
amount of air movement is required to 
keep the volatiles from reaching inflam- 
mable concentrations. With proper tech- 
nique there is no danger of explosion. 

The area presented to the lamps is 
sometimes not sufficient to get econom- 
ical results in terms of the power con- 
sumed. Even for parts having large sur- 
faces it is necessary to present as large 
a percentage of the total area of the 
part to the energy source as possible by 
proper lamp or conveyor arrangement. 
Parts with recesses may cause difficulty 
because they heat unevenly or because 
the radiant energy does not reach all 
the areas to be dried. Sometimes unex- 
posed flanges, knobs or other projec- 
tions will dry by conduction. Unusual 
applications must be solved by trial. 

Wave length is important to the ex- 
tent of its bearing on the reflectivity 
factors. Generally the reflection factor 
of polished surfaces on most metals 
increases with an increase in wave 
length. Paints, enamels and papers have 
similar tendencies. The wave length can 
be increased by decreasing the tem- 
perature of the radiant energy source. 

The reflection factor of the metal to 
which the finish is applied influences 
the temperature attained only to a small 
degree. Some of the energy impinging 
on the surface tends to go through the 
paint film, the amount reflected back by 
the metal depends on the degree of 
polish the metal may have. The re- 
flected energy may be absorbed on the 
way out but some will escape. The 
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‘thermal capacity” of the metal, which 
takes into account both the specific heat 
and the mass, may in some conditions 
have an appreciable effect on the tem- 
perature attained. 

In general air-dry finishes are satis- 
factorily handled by infra-red drying at 
temperatures not exceeding 150 deg. F. 
Synthetic enamels and wrinkle finishes 
require higher temperatures. Tempera- 
tures as high as 600 deg. F. have been 
satisfactory for baking wheel finishes. 

All synthetic enamels do not respond 
to infra-red drying to the same degree. 
Some tend to “yellow” because of the 
actinic property of the light although a 
hard finish may be secured. Discolora- 
tion may occur if the temperature under 
the lamp is allowed to exceed the baking 
temperatures. Most of the organic pig- 
ments are sufficiently stable to be heated 


successfully, if careful control of tem- 
perature is exercised. Some finishers 
have found that the substitution of in- 
organic substances for the organic pig- 
ments is a solution to the problem of 
control. j 

In so far as the other constituents of 
enamels are concerned, some of the 
resins in the finish may cause no par- 
ticular trouble. Of all the resins, those 
made from urea-formaldehyde are most 
successful as they are heat-hardening 
and require no oxidation to cure them. 
Modified alkyd urea gives a tough sur- 
face rapidly. Speed of baking depends 
somewhat on the oils introduced to 
modify the resins; perilla and tung oil 
have been found to be satisfactory. 
Soya oil vehicles usually dry too slowly 
for the infra-red method. 


Experiments in drying  oil-base 





Rembrandt Lamp Corporation 
Drying lamp base castings by infra-red heat after pickling. Rapid drying time 
decreases possibilities of discoloration thus eliminating repolishing. Moisture and 
chemicals are removed from deep recesses which formerly had a tendency to erupt 
through the lacquer coat and thus spoil the finish 


Table IH — Reflectivity of Pigments 


nearer ne CE Nt AR EAS SR No EIR EO RE ORE RARE a r a 


PIGMENT 


Cobaltic oxide — steel gray.......... 


Chromic oxide — dark green . 


Lead oxide — yellow 


Ferric oxide — red... 


Lead chromate — yellow. 


Zinc oxide — white... . 


Lead carbonate — white . 


WAVELENGTH (ANGSTROMS) 


| 6,000 9,500 14,000 





3 t 14 
27 15 33 
22 a 51 
26 tl 30 
70 a tl 
82 86 8 
88 93 29 
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paints, similar to house paints, were 
unsuccessful when application to farm 
equipment and to wooden toys was 
attempted. Oil paints and oleo-resinous 
materials in general cannot be baked 
rapidly enough under infra-red lamps 
because they require considerable 
oxidation thus making other methods 
of drying more economical. 

Some of the problems mentioned 
may be solved by future advances in 
the methods of application. According 
to David Aitken, Cleveland Electric 
Illuminating Company, “the drying of 
synthetic wrinkles is probably accom- 
plished better by properly applied ra- 
diant energy than by any other method. 
I have several successful installations 
drying in 8 to 15 min. wrinkles on 
sheet and aluminum or zinc die cast 
parts. 

“While normally the oxidizing bake 
of oleoresin finishes is not associated 
with infra-red and speed, nevertheless 
in several applications long oil mate- 
rials have produced excellent results 
when run through a lamp oven. In sev- 
eral examples oleoresins that normally 
required 250 to 275 deg. F. for two 
hrs. in a conventional oven were baked 
successfully on 18 to 22 gage stock, in 
12 to 20 min. under a density of only 
1.6 watts per sq. in. and 275 deg. F. 
metal temperature. 

“Many of the new spatter and opa- 
lescent finishes react readily under 
lamps with a normal cycle of 6 to 10 
min. depending on gage and type of 
material. 

“In my own opinion I see no reason. 
granted that proper technique in apply- 
ing lamps is used and with proper con- 
trol of convected air, for going to 
greater intensities than 2 watts per sq. 
in. for most enamels, and to more than 
325 to 350 deg. F. on 18 to 28 gage 
metal for a good, uniform cure. I have 
experimented with watt densities up to 
8 watts per sq. in. and 800 deg. F. on 
metal, and believe that it is better to 
lower the connected k.w. and to have 
only a slightly longer time cycle and 
thus avoid brittleness or shortness of 
film after baking.” 

As indicated in Table IV, the field 
of moisture drying has often presented 
problems which could not be economic- 
ally solved by infra-red heating. The 
major successes have been where the 
moisture film is thin or the material to 
be dried is thin. 

Only a few experiences are available 
on the expansion of metals. Ford has 
used infra-red heating in expanding pis- 
tons for inserting piston pins. One out- 
board motor manufacturer is reported 
to have used the method in making 
shrink fits. In the latter, concentrating 
type of reflectors were found better than 
the parabolic type. However, too much 
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Type or APPPLICATION 






Prime and finishing coats 
on auto bodies 








Enamel on cylindrical sur- 
faces—steering columns 








Baking red enamel stripe 
on chromium plated auto- 
mobile trim stamped from 
22 gage steel sheet. Chrom- 
ium plate polished on one 
side only 











Identification marks 







Finishing odd-shaped parts 







Metal cabinets 






Drying paint on machinery 
castings 









Enamel on transformer 


cases 








Moisture drying on films, 
blueprints. and metal sur- 
faces. Also in porcelain 
enamel work 












Moisture removal in large 
quantities 





Drying gummed flaps 
on envelopes 






Drying latex film 








Acetate glues 











Softening plastic sheets 








Baking small transformers 
and motor armatures 











time was required to do a satisfactory 
and economical job of assembly. 

One advantage of infra-red heating 
over air or oven drying is that heat is 
the lamps 
whereas some time is required to bring 





the parts and oven up to working tem- 
perature. The prime coat on the Ford 
bodies is baked in 15 min. with infra- 
red lamps as compared to 60 min. re- 
quired by the steam oven which was 
replaced. Finishing coats require about 


Table [V—Applications for Infra-Red Baking 





COMMENT 





First successful application reduced drying time by 50 
per cent. One of the early problems was the uneven 
drying caused by differences in thickness of body parts 


Uniform thickness makes ideal application. Columns, 
set on spindles attached to the conveyor line, pass be- 
tween banks of lights. Pulleys on spindle act against 
side of conveyor to rotate spindle 


Lamps were placed above conveyor but with paint side 
of piece up the application was unsuccessful because 
the high reflection factor of the polished chromium 
retarded the drying. When the piece was turned over 
so that the unpolished side received the radiation the 
enamel baked satisfactorily 


Experiments are underway on drying lithographing on 
steel containers 


Irregular shaped parts or parts with many openings are 
difficult to handle economically with infra-red because 
so much energy is wasted. Strip heater convection ovens 
may be better 


Metal cabinets and containers with large flat areas are 
particularly well-suited to this means of drying 


Formerly air-dried in 24 hr. now a bank of 4 or 5 lamps 
dry them in one hr. Proportion of surface to volume 
important as too large volume of metal will conduct 
heat away too quickly to get good drying 


Change from a 4-hr. drying enamel to a 15-min. baked 
enamel was possible by a low-cost infra-red installation 
with consequent improved surface for oil and corrosion 
protection 


Has been successfully used in drying film and blue- 
prints. Water has been removed from washed metal 
parts in 2 to 3 min. with 250 watt lamp. Prints and 
films require 6 to 9 min. with same radiation. When 
porcelain frits are applied in water solution, infra-red 
lamps may be used prior to fusing process to dry the 
parts. In one application 105 sec. were required for 
a finish white and 40 sec. for a dark ground coat, evapo- 
rating 250 lb. of water per hr. 


Evaporation of large amounts of water has not been 
entirely successful 


Reduced time of drying to one-tenth of time required 
by air-drying and with less curling of the paper 


Latex film sprayed on cotton or fiber batting to pre- 
serve shape of car upholstery is successfully dried. Also 
experimenting with proper distribution of light for 
curing latex cloth 


Used in joint of loud speaker cones, also to hold small 
felt patch in tip of cone. Infra-red replaced convection 
ovens which under unfavorable humidity conditions had 
a tendency to dry only the surface of the glue. Glue 
sizing on bond paper has been dried in half previous 
time 

Infra-red lamps replaced an oven for heating plastic 
sheets 1/16 to 3/16 in. thick prior to punching into 
switch parts. Stacks of sheets in oven required high 
temperature to heat through which caused the top 
sheets to blister 


Here large masses with small area were successfully 
baked in about one-third the time required by other 
means. In this application the tendency to conduct 
heat away from the surface was valuable. Small electric 
coils have been dried in 30 min. as compared to 24 hr. 
required by an electric oven 
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twice as much time as prime coats with 
even greater saving over previous oven 
drying schedules. 

However, direct comparisons of 
baking times between lamp ovens and 
conventional ovens may be misleading 
since often there are special conditions 
which favor one method against the 
other. To compare the baking times 
without taking into account the special 
factors involved may lead to erroneous 
conclusions. 

Usually lacquers and quick-drying 
enamels can be very rapidly dried with 
lamps. Occasionally, however, it is just 
as difficult to eliminate the slight tack 
of synthetic lacquers as it is to bake a 
true baking enamel because of the time 
required for oxidation. The fast drying 
enamels best suited for lamp drying are 
made with short oil modified alkyd 
(glycerol phthalate) resins which may 
be further modified with urea-formalde- 
hyde resins if greater hardness is de- 
sired. If high enough intensities are 
available, non-drying alkyd and urea- 
formaldehyde combinations are useful. 

Since the varieties of finishes are 
almost endless and the effects of pig- 
ments, solvents and oils are often doubt- 
ful when exposed to infra-red heating, 
it is sometimes necessary to make trial 
installations. 

Flexibility of infra-red heating is se- 
cured by cutting banks of light in and 
out as required by the number of parts 
on the conveyor line. Lights are adjust- 
able in any direction. In many installa- 
tions the distance of the lamps from the 
parts is adjustable for the full effective 
range of the lamps, that is, 6 to 18 in. 

Infra-red drying lends itself to port- 
ability. Small banks of reflectors are 
mounted on rollers and used for spot 
drying of finishes in both automotive 
and aircraft manufacture and main- 
tenance. 

Infra-red heating is so new that 
changes are taking place rapidly. Dry- 
ing times of finishes have been im- 
proved. Recent improvements in reflec- 
tor design and particularly oven design 
with proper control of convected air 
indicate that better results than some of 
those reported in this article are pos- 
sible. Lower source temperature infra- 
red resistance units such as chromalox, 
calrod, globar and nichrome, also have 
their place wherever longer wave 
length energy radiation is adaptable. 


Epitor’s Nore: For supplying informa- 
tion used in the preparation of this 
article, we gratefully acknowledge the 
valuable assistance of Howard Haynes 
of the Nela Park Engineering Depart- 
ment, General Electric Company, and of 
H. J. Bennett of the Glidden Company, 
and also of the companies credited with 
furnishing the illustrations. 
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VELOCITY-GRAPH ANALYSIS 


For Solving Problems Encountered in 


ANY PROBLEMS in the design 
M of high speed reciprocating 
machines involve the balanc- 
ing of disturbing forces or the introduc- 
tion of compensating forces. These can 
be analyzed and usually solved by con- 
structing displacement and acceleration 
graphs or curves. Especially is this pro- 
cedure of value in the design of printing 
presses and some examples taken from 
this field may illustrate a method of 
analysis that is also appropriate for 
other types of machines. 

One interesting high speed problem 
concerned a printing press having a re- 
ciprocating bed, which when running, 
slid on the floor at every reciprocation, 
first one direction and then the other. 

In studying the possibility of giving a 
new or different motion to the bed of 
this printing press a rather simple solu- 
tion presented itself. The original 
motion of the bed was a forward move- 
ment at uniform speed, an harmonic 
reverse, a return movement at uniform 
speed and another equal harmonic re- 
verse. In Fig. 1 is shown a sitegraph of 
the complete cycle. In the original 
movement AB was one fourth of an har- 
monic wave, which merged into the 
oblique BC. This is continued into the 
harmonic half wave CDE, then into the 
oblique EF and finally into the harmonic 
again. Note that all the harmonics are 
equal and that A to B and F to G is sim- 
ply one harmonic. 

From an examination of Fig. 1 the 
sites (displacements) and the driver 
places (times) can be clearly observed. 
Speeds also can be observed as slopes 
in the graph. Accelerations can not be 
readily observed in a sitegraph. So it is 
usual to add underneath a speedgraph 
(velocity graph) like Fig. 2. Note that 
the sitegraph portions of constant ve- 
locity BC and EF of Fig. 1 become in 
Fig. 2 the horizontal lines BC, and EF 
respectively. The harmonic parts FAB 
and CDE of Fig. 1 become harmonic 
parts FAB and CDE of Fig. 2. It is con- 
venient to remember that a sitegraph 
harmonic becomes a speedgraph har- 
monic, but that the sitegraph harmonic 
crests 4 and D become speedgraph har- 
monic nodes A and D and vice versa. 
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High-Speed Motions 
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Considering the speedgraph Fig. 2, 
note that the sites or displacements of 
Fig. 1 appear as areas in the speed- 
graph Fig. 2. The speeds or slopes of 
Fig. 1 appear as ordinates in Fig. 2. 
Fig. 2 seems to show everything that 
Fig. 1 does, and can be used instead. 

However, the speedgraph Fig. 2 shows 
very clearly something that does not 
appear in Fig. 1. The slope of the graph 
in Fig. 2 shows the acceleration. Thus, 
since force equals mass times accelera- 
tion, Fig. 2 shows that the forces are a 
maximum at A and D and that they are 
in opposite directions. It shows that the 
forces at B, C, E and F are zero. 

From observation of Fig. 2, it was 
reasoned that the tendency of the press 
to slide on the floor or to sway the build- 
ing was greatest at the points of great- 
est horizontal force, that is at A and D. 
If the maximum force at these points 
would not overcome the friction on the 
floor, or would not crack the wall, prob- 
ably no smaller force anywhere else 
would do so. So to cure or at least to 
reduce this trouble it was deemed ad- 
visable to reduce these maximum forces 


150 180 210 


to give to the press bed a motion such 
that the slope of the speedgraph at A 
and D would be reduced. The questions 
however remained as to what kind of a 
graph would then be obtained, and what 
kind of a mechanism would it be pos- 
sible to make? 

It is of course possible to make 
changes in the mechanism without 
changing the speedgraph. But a change 
in speedgraph produces a fundamental 
difference, not simply a superficial one. 
For example, there is one machine that 
gives the bed a movement somewhat 
like Fig. 2, but differs therefrom by 
taking more of the cycle for the har- 
monic AB, and less for the uniform 
speed part BC. Instead of AB being 30 
deg. it is 45 deg. The result is that the 
maximum slope at A and D is de- 
creased. 

Note however, that the change of AB, 
from 30 to 45 deg. made a change also 
in B.C, from 120 to 90 deg. And in 
order that the printed area of the paper 
should not be made smaller, it required 
larger cylinders. 

Another solution might be to assume 


330 360 


Degrees 


330 360 





Fig. 1—Displacement curve or sitegraph of the complete cycle of the original motion 
of printing press bed, forward and return movements are at uniform speed, reversing 


speeds are harmonic. 
Fig. 1, of printing press bed motion 


Fig. 2—Velocity curve or speedgraph derived from sitegraph 
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that A.B., B.C., C.D., E.F., and F.C, 
in Fig. 2 must not be changed, thereby 
producing only minor changes that 
would permit keeping the machine prac- 
tically as it is constructed. What can 
be done to improve the motion? Or 
rather, what can be done to decrease 
the high slope at A and D? 

Note that if in Fig. 2 a straight line 
AB is drawn, then the slope is constant 
and is less than the slope of the har- 
monic at A. A mechanism producing the 
straight graph AB would therefore have 
a smaller bed force at A and it would 
nowhere be any larger. 

Assuming that the straight line AB 
has been drawn to a scale such that the 
slope of the harmonic at A is 45 deg., 
then 


Apo i 3 

AoBo 7/2) © 
Since inertia forces increase as the 
square of the machine speed, in order to 
obtain an equal tendency to slide on the 
floor, the new machine may be run 
V x/2 or 1.25 times as fast. Thus with- 
out causing more trouble, as far as slid- 
ing on the floor is concerned, a 25 per 
cent increase in speed can be obtained 
by changing from the harmonic to an 
oblique straight speedgraph. Notice, 
however, that the straight AB makes 
the speedgraph area under it less than 
the speedgraph area under the harmonic 
AB. That is the stroke of the bed has 
been shortened. 

But since the bed passes under the 
form inking rollers, and these must 
never reverse on the form as they leave 
ink which prints as a streak, it is desir- 
able not to decrease the stroke of 
the bed. If so, what then can be done? 

The speedgraph harmonic can be 
modified as shown in Fig. 3, and the 
curve still give the proper area. In a 
quarter-wave harmonic the area under 
AB = (B.B)*. Moreover AB,/BB, = 
x/2. To draw AX such that the area 
under AXB will be equal to (B,B)’, let 
M be the middle point of AX. Then 
AM. = M.X., and from geometry it can 
be shown that M.B, = B.B which de- 
termines M., X. and X. With this con- 
struction the area AMXBB, equals 





Fig. 3—-Modified speedgraph to illustrate 


method of construction to obtain para- 
bolic area equal to the harmonic area 
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Fig. 4—Speedgraph representing the old complete cycle of the machine selected 
for improvement, with the printing and idle zones AB and DE having uniform speed 


(B.B)*, or the harmonic area under AB. 
The bed motion stroke is then the same 
as before. The ink rollers will therefore 
clear or not clear the same as before. 
Moreover the new speedgraph will have 
the maximum slope. 





MM _ _BB/2 _ BB/2 
AyMy  AoBo—BoB  (rBoB/2)—BoB 
aeo p 
= m—2 1.1416 


However this solution with a small 
gain of only 6 to 7 per cent was not 
enough to satisfy the author. True more 
could be gained by rebuilding the ma- 
chine using larger cylinders. However 
another solution was attempted. Fig. 2 
shows that the printing occurs from B 
to C of the printing stroke AD, and that 
then the bed returns idly from D to 
(G=A). Could not something be done 
about this; why idle such a long time? 

The machine selected for improve- 
ment had a speedgraph like Fig. 4. It 
ran smoothly up to 3,200 sheets per hr. 
Speeded up to 3,600 sheets per hr. the 
whole machine commenced to shake. 

The speedgraph shown in Fig. 4 
represents a complete cycle in which 
G=—A, AB and DE are zones of uniform 
speed, that is AB and DE are horizon- 
tal, BCD and EFG are complementary 
halves of the same harmonic. 

For simplicity assume AoA = 1 

Then area ApABBy = 1 X 120 deg.= 120 

area of triangle BoBC = 14X1 X30 deg. =15 

But in any harmonic quarter wave 


Area by curve 4 


Area of inscribed triangle -r 





Therefore area by harmonic 
60 
T 


BC = 15x + = 
T 


Total area of the stroke 
= 120 +2 x © = 120 () 
T T 
In attempting to change the motion 
it was decided to abandon the uniform 
speed idle zone DE and to use all ex- 
cept A.B, to effect the reversings and 





return. That is, a speedgraph as shown 
in Fig. 5 was proposed, in which it was 
assumed as before that AB is the work- 
ing zone, and A,B, = 120 deg. and 
B.G, = 240 deg. But A.A need not be 
exactly 1. Of course F=A since the 
speedgraph shows a complete cycle. 

It was also assumed that BCD and 
DEF are straight lines, that is they give 
parabolic motions. And since the speed- 
graph represents a reciprocating body 

area EABC = area CDE 


area EABC + area BCEF = area CDE 
+ area BCEF 


area ApAFFy = area BCDEF 


AoA X 360 deg. = 1/2 D:D X BF 
1/2 D,D X 240 deg. 


= D,D X 120 deg. 
or D,D = 3 AA 
Dı Də + DoD = 3 AvA 
AA + DD = 3 AA 
or DD = 3 AoA — AcA = 2 AcA 
From this relation it follows that C 
and E are located at 160 and 320 deg. 
respectively. Moreover 
area BoBC = 1/2 AoA X 40 deg. 
= AoA X 20 deg. 
area EABC = AjA X[(20+120+20) deg. | 
= AoA X 160 deg. 


and area CDE = 1/2 CE X DD = 1/2 
X 160 deg. X 2 AA 
= AoA X 160 deg. 
so that the printing stroke and the re- 
turn stroke are equal. 
In order to have the complete new 
stroke of the bed equal to that of the old 


AoA X 160 deg. = 120 deg. X (= ‘) 


a f(rtl\_ 3 (xt 
1a Bx (22) 3 (2) 


= 0.9887 

The complete bed stroke therefore is 
exactly equal in both the new and old 
machines. The uniform working speed 
is approximately equal. 

In analyzing the accelerations or the 
slopes or grades of the graphs, it is 
known that, in Fig. 4 harmonic maxi- 
mum grade is at the node and is %/2 
times the grade of the quarter wave 
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Fig. 5—Proposed modified speedgraph to replace that shown in Fig. 4 in order to 
increase speed but still maintain equal bed strokes 


chord, or the maximum grade equals 


r BB = E 
2% Bê ~ 2” 30deg.  ô0deg. 
From Fig. 5 it is seen that the maximum 

grade is a constant grade and equals 
BB _ AA _ 3(r+1) 
BoC 40deg. 4 
= 3 (r +1) 
160r 
maximum grade of harmonic (Fig. 4) 








40 deg. 





maximum grade of parabolic (Fig. 5) 


skee 
~ \ 60deg / ` | 160 r deg. 


_ 82° 
~ Or +1) 

For the condition that the two ma- 
chines run at equal speeds, the maxi- 
mum accelerations are as 8 x to 9 
z+1). Since the inertia forces vary 
as the square of the machine speed, to 
produce equal inertia forces the new 


machine can be run vV (8r*)/[9 
(x+1)] or 1.45 times as fast as the 
old machine. 

Data from the new speedgraph Fig. 5 
were sufficiently attractive for the firm 
to build a test machine. Here the author 
found himself confronted by this prob- 
lem: Having a speedgraph, what pro- 
cedure is there to design a mechanical 
drive to make the follower move as the 
speedgraph shows? 

The author then did not know of any 
definite procedure, so all kinds of 
mechanisms were examined. Finally, 
roll-curve gears were decided upon and 
the machine built. The mechanism was 
first tried without the bed; it ran all 
right. Then the bed was put on and the 
machine slowly speeded up. But a knock 
was heard at a speed of 150 sheets per 
hr. At 1,500 sheets per hr. the knocks 
were so terrific that the machine was 
stopped. What was wrong? 

Of course, everybody immediately 
suspects anything that is new, conse- 
quently the speedgraph Fig. 5 fell 
under suspicion. It was noticed that 
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Fig. 5 had a corner at A, another at B, 
and another at D. Fig. 4 did not have 
any corners. The Fig. 4 mechanism ran 
smoothly at least up to 3,200 sheets per 
hr. The Fig. 5 mechanism knocked badly 
at 1,500 sheets per hr. There were sud- 
den changes of grade at A and B in Fig. 
5. There were no sudden changes in 
Fig. 4. Obviously enough, it looked as 
though the change of grade caused the 
trouble. But a change in grade means 
a sudden change of acceleration, so 
that it was assumed at once that the 
trouble was caused by the sudden 
change of acceleration. 

So it seemed, and moreover there is 
authority for holding this opinion. Thus 
in Propuct ENGINEERING, July, 1934, p. 
252, appears the statement “shock— 
caused by abrupt changes of accelera- 
tion.” In Propuct ENGINEERING, Sep- 
tember, 1936, p. 340, it is stated “shocks 
— (because of) sudden changes in 
acceleration and deceleration.” Of 
course both 1934 and 1936 were subse- 
quent to the building of the machine 
which was in 1931. But it shows that 
even as late as 1936 and probably even 
today engineers still hold that changes 
in acceleration cause shocks. So did the 
author in 1931. But the machine was 
examined further. When the machine 
ran slowly it was noticed that the big- 
gest knock occurred at A, a much 
smaller occurred at B, and there was 
no knock at all at D. On reversing the 
direction of rotation of the drive, the 
biggest knock occurred at B, a “much 
smaller knock at A, and still no knock 
at all at D. But at D the change of 
acceleration is twice as great as that at 
A, and yet no knock. Evidently a more 
thorough analysis was required. 

The bed was driven by a gear at the 
center of a 3-in. shaft crossing the ma- 
chine. The drive had a gear on each 
end of the shaft. It was thought that the 
construction was good, as the distance 
from the end gear to the bed gear would 
thereby be minimized. The drive was 
alternately from each end gear. What 


caused the knock? Here the author was 
helped by the construction engineer 
who pointed out what the trouble might 
be. “Is it not possible that the shaft 
twists under the forces and so the gear 
teeth coming into mesh are somewhat 
displaced, and so upon entering hit the 
other teeth and cause the knock?” 

After thinking it over it was decided 
the construction engineer was probably 
correct, and so the mechanism was re- 
arranged. Both driving gears were 
placed compactly on one side, using a 
longer shaft with the bed gear near the 
middle as before. The mechanism was 
practically as before, but more compact. 
With this slight change in the position 
of the gears but with no change what- 
ever in the speedgraph or accelerations, 
the machine was driven to beyond 5,000 
sheets per hr. without further trouble. 

As far as the author is concerned. 
that settled all questions about knocks 
being caused by changes of accelera- 
tion. He became convinced that knocks 
were caused by sudden contacts because 
of misplacements. These misplacements 
were caused by distortions under the 
forces, which may occur even when the 
force is constant. 

This is a very important conclusion. 
Knocks which develop as the machine 
is speeded up are caused by misplace- 
ments set up by the accelerations (not 
the changes of acceleration). Knocks 
occur particularly where, while still 
accelerating, a new part of the drive 
commences to function. Knocks can be 
minimized by eliminating all back-lash, 
shortening all the bendable parts, re- 
ducing the accelerations. Knocks have 
nothing to do with the changes of accel- 
eration. From this it would follow that 
no knock would ever occur if there were 
no backlash and if the drive would be 
continuous. 

This is the author’s conclusion. It 
differs completely from the statements 
previously cited. It would be worth 
while to have this point discussed by 
all those that have an opinion. Maybe 
in “multitude of counsellors there is 
wisdom.” 

In the engineering articles cited the 
term “Shock” is used. What does it 
mean? One dictionary says “Shock: a 
violent collision.” “Impact: a forcible 
momentary contact of one body with 
another.” What is a shock caused by? 
Change of acceleration, or change of 
velocity, or by a misplacement of the 
parts? Can a shock occur without 
making a sound? 

Many machines when run beyond a 
certain speed are seen to produce 
quivers and vibration in certain parts. 
Are these caused by “shocks”? Where 
does the shock occur? Finally, should 
not the term “shock” be dropped until 
it is more clearly defined? 
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CHRYSLER’S NEW LABS 


For Research and Engineering » 


UT OF a small three-room labo- 
ratory in 1924 there came into 


public view a new car, Chry- 


sler’s first. People looked askance at 
its hydraulic brakes and high compres- 
sion—features made possible only by 
engineering research. Today, almost 
every detail of a modern automobile 
calls for laboratory research. The im- 
portance of the work that was started 
in that pioneer laboratory has become 
so great during the past 15 years that 
pure science and research are now con- 
trolling factors in the success of the 
automotive industry. 

Indicative of this, Chrysler Corpora- 
tion announced the opening on June 
6 of two brand new buildings housing 
94 laboratories, test rooms and offices 
devoted entirely to development and 
research. The expansion almost doubles 


Chrysler’s research facilities, and forms 
a sharp contrast with the corporation’s 


three-room laboratory of 1924. It typi- 


fies the reason why the automotive in- 
dustry can evolve more economical and 
better cars each year—and can sell 
more of them. 

Today, a person visiting the new 
laboratories might see 1,500 research 
tests and projects in progress in the two 
new buildings and the older six-story 
building. He would see X-ray tubes 
being used to study the atomic struc- 
ture of metals; engineers probing into 
experimental parts with spectroscopes 


to ascertain the elements of which they 
are composed ; concentrated stresses in 
working parts of trucks and cars 
brought into full view by polarized 
light. He would be amazed at the in- 
tricacies of the electro-physical appara- 


Hospital-like corridors paneled with windows permit visitors to look in upon well- 
lighted laboratories and the multitude of mechanical devices and scientific instruments. 
Color effects create an atmosphere which is restful and pleasing. 
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tus which produces voltages up to 500.- 
000 volts or radio frequencies far be- 


yond normal broadcast bands for the 


most exacting electrical experimenta- 
tion. He would be handed a strobo- 
scope which would let him see the vibra- 
tions set up in an automobile body, and 
he would watch while simple or com- 
plicated vibrations are measured by 
cathode tubes. 

The visitor might shiver in cold 
rooms, perspire in hot rooms, and would 
visit rooms equipped to reproduce rain, 
salt spray and other atmospheric con- 
ditions. The dynamometer building 


would be of interest to him, where 
single cylinder, multi-cylinder, diesel 
and other kinds of engines are made to 
strain against giant dynamometers. 
Viewing these things, he could easily 
grasp the tremendous importance of 
the research work being carried on by 
the automotive industry. 

Chrysler Corporation subdivides its 
research in three ways: there are the 
fundamental forward-looking projects 
relating to the car that may be built 
some day; there is the specific work 
on the design and materials scheduled 
for the forthcoming model; and there 
are the day-to-day problems which must 
be handled as they present themselves. 
Each project has a stated objective, a 
detailed budget, and a deadline for 
completion. Projects are extended only 
if they show considerable promise. 

Chrysler maintains the caliber of its 
staff of 500 engineers at a high level 
through the medium of the Chrysler 
Institute of Engineering. Hand-picked 
engineering graduates are put through 
a two-year course in practical automo- 
tive engineering leading up to a recog- 
nized Master’s degree, and on beyond 
to the Doctor’s degree. Consequently, 
an unusually high percentage of the 
staff have two or three degrees—de- 
grees signifying knowledge gained 
from the judicious mixture of practice 
and theory. 

Interiors of the new buildings are de- 
signed to provide optimum working 
conditions. All walls and partitions are 
painted in restful beige, and floors are 
of red tile. Direct sunlight is diffused 


by venetian blinds. Laboratory work- 
benches are of easily cleaned black and 
white ceramic with non-glazed tile tops 
and toe spaces at their bases. 
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Special Ferrous Problems lab, in contrast to Routine Ferrous which 
checks for production, tackles special problems in alloying, heat treat- 
ing, new samples. Dilatometer, top left, records expansion and contrac- 
tion of metals during a change in temperature. 


Mechanical laboratory has dozens of special machines which vibrate, 
pound, bend, twist automotive parts under varied conditions to deter- 
mine mechanical characteristics. 


Parts get more abuse here than they 
ever encounter in service. 


AMERICA’S MOST IMPORTANT means of defense 


and more efficient weapons, beth of which are the 
in modern warfare is her supply of great scientific 


result of engineering and research. America has 


research laboratories. The great laboratories in her electrical, chemical, auto- 


Norman castles and the 
Scottish forts played their parts in their day, but 


motive and other industries, and these are her most 
modern defense and modern offense are mechanized 


important weapons. 


and scientific, and therefore must be engineered and 


developed scientifically. It takes more than spirit —F. M. Zeder, Vice Chairman of the Board, 
to win today. It takes better designed machinery Chrysler Corporation. 


Polarized light, a relatively new tool of 
the automotive engineer, is here being 
used to photograph stress concentrations 
in a connecting rod. Transparent plastic 
models of many parts are similarly ex- 


amined to indicate design changes. 


Brake dynamometer consists of motor- 
driven flywheel at left which can be ad- 
justed to represent exact momentum of 
any vehicle. Brake is mounted at right 
center. In tests, time necessary to stop 
flywheel is recorded. 
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New engine experiments begin on this 
single-cylinder dynamometer. Single cyl- 
inder tests of experimental designs are 
cheaper, isolated, and fairly accurate. 
Multi-cylinder dynamometer test is next 


step. (Continued on next page) , 
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CHRYSLER’S NEW LABS 


(continued ) 


Art Department, vital to the sales appeal of a car, has walls 


lined with hundreds of colorful drawings of experimental models. 
Instrument panels and interior details are also worked up here. 
On blackboards skilled draftsmen render full size drawings in 
color to aid in final selection. Few people, no strangers, are ever 
permitted to enter these rooms. 


““Mock-up” models, in full size from clay, wood, and finally 
steel, are made of new body designs in this section of the Art 
Department. Chrysler hides their preferred models under 
shrouds; it is worth your life to get a good look at these 
jealously guarded secrets. Next step is making a real car 
from these “mock-ups.” Thousands of tests are still necessary 
before the design is finally accepted and released for production. 
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Driver’s visibility is scientifically charted with this set-up. Two 
brilliant lights mounted inside the car at the average position of 
the driver’s two eyes cast separate shadows of posts and other 
obstructions on the measuring screen in front of the car. Where 
two shadows coincide, there is a dangerous blind spot which 
must be reduced to a minimum by design changes. 
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Wind tunnel, in a corner of the well-equipped Aerodynamics 
Laboratory, tells engineers exactly what effect all kinds of 
winds will have on an automobile body. Precise models of each 
design are used. Alteration of a few details, such as the curve 
of a fender or the slope of the rear end, may so change the 
readings obtained that an engine of different power character- 
istics is indicated in order to give the desired performance. 
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ALLOY CASTINGS 


Developments in Ferrous and Non-Ferrous Types 


C. H. LORIG 


Supervising Metallurgist, Battelle Memorial Institute 


URING the past quarter cen- 

tury the malleable iron indus- 

try has from time to time 
raised the general level of strength and 
ductility of its product, but this was 
done mainly by lowering the carbon 
content without further altering the 
composition or the annealing practice. 
The only thing that might be done to 
change the properties of the fully mal- 
leablized iron is to alloy it. 

A few foundries are producing short- 
cycle malleable, the quick anneal being 
accomplished by taking advantage of 
the accelerating effect of higher silicon 
and by using higher annealing temper- 
atures. This calls for careful super- 
vision of the melting operation, a close 
check on raw materials, and vastly bet- 
ter annealing furnaces than the old 
box-type batch furnaces in order to 
reap the full benefit from the possible 
reduction in annealing time. These 
quick annealing irons have 2.0 to 2.20 
per cent carbon and 1.50 to 1.60 per 
cent silicon, the manganese, sulphur, 
and phosphorus being the same as in 
normal malleable. The quick annealing 
irons can be fully malleablized in less 
than 24 hours in continuous furnaces 
with temperatures close to 1,800 deg. 
F. in the first stage of malleablization. 

Various so-called pearlitic malleable 
irons which range in tensile strength 
from 60,000 to 120,000 lb. per sq. in. 
are being marketed. New combinations 
of properties are to be found in these 
irons. 

Much interest has been shown in the 
low carbon irons, or steels as they are 
often called, of the Ford crankshaft 
type which, in a sense, belong to the 
malleable class. These are highly al- 
loyed and are given a short heat-treat- 
ment to graphitize part of the carbon 
and to impart some ductility. 

From an alloy standpoint, the de- 
velopment of various types of silicon 
bronzes has been of major importance 
in the past few years. Several bronzes 
in this class have made considerable 
Progress in the last year in the engi- 
neering field, notably those of the 
Everdur type and P.M.G. metal. The 
latter also contains, besides 1.2 to 3.2 
Per cent silicon, 0.5 to 1.2 per cent 
iton. Some silicon bronzes have been 
modified to permit heat-treatment. 
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Silicon has a marked effect on in- 
creasing the fluidity of bronzes. While 
silicon bronzes have had a rather bad 
reputation with the foundrymen, owing 
to their tendency towards gas porosity 
some of the modified silicon bronzes 
seem less susceptible to this difficulty. 
One silicon alloy developed at Battelle 
is of the latter type. It has 83 per 
cent copper, 5 per cent silicon, 10 per 
cent zinc, l per cent manganese, l 
per cent aluminum, and has a tensile 
strength of 88,000 to 92,000 lb. per 
sq. in., a yield of 46,000 to 60,000 Ib. 
per sq. in., and an elongation of 1 to 
4 per cent. 

In working with this alloy it was 
found that the most practical means: of 
eliminating the absorbed hydrogen and 
of making sound castings has been to 
overheat the melt temporarily, to about 
2,000 deg. F., whereby zinc vapor 
sweeps out most of the gas. After 
about a minute of this treatment the 
melt is quickly cooled to the pouring 
temperature of about 1,650 deg. F. 
and cast. This alloy is susceptible to 
precipitation hardening. It is quenched 
from 1,425 to 1,470 deg. F. and subse- 
quently heated to 575 deg. F. at which 
temperature it precipitation hardens 
rapidly, giving a maximum hardness in 
about 15 minutes. 

In studies at Battelle on the ques- 
tion of unsoundness of the copper-sili- 
con zinc brasses melted in various 
gases, it was found that hydrogen 
caused marked unsoundness regardless 
of the crucible material or the dryness 
of the hydrogen. While the results on 
steam were not conclusive, it appeared 
as if steam had little to do with un- 
soundness. We were unable to attri- 
bute unsoundness to carbon monoxide. 
Superheating of this alloy caused the 
zinc vapors from the alloy to sweep 
out most of the gas. 

One outstanding development in cop- 
per alloy production has been the use 
of antimony, arsenic, or phosphorus to 
prevent dezincification in admiralty 
and other condenser tube alloys subject 
to such attack. While the trend in 
wrought copper production is strongly 
toward these modified alloys it is 
doubtful that the non-ferrous casting 
industry has as yet utilized antimony, 
arsenic, or phosphorus to prevent 


dezincification in copper-zinc castings 
subject to such attack. The amount of 
antimony or arsenic used is 0.1 to 0.2 
per cent. 

Heat-treatment of non-ferrous alloys 
is becoming more and more common. 
The modification of some silicon 
bronzes and brasses to permit heat- 
treatment has been mentioned. Beryl- 
lium bronze always depends upon 
heat-treatment for best results, and 
aluminum bronzes, which have been 
heat-treated for some time, are now 
being used in heat-treated form to a 
greater extent. The copper-chromium 
alloys are often in the precipitation 
hardened state. 

In reviewing electrolytic manganese 
and its alloys, Dean states (Metal Prog- 
gress, Vol. 36, 1939, pages 357—358) 
that alloys containing 65 to 70 per 
cent zinc, 20 per cent manganese and 
the balance copper, give excellent high- 
strength castings and should be attrac- 
tive because of their cheapness. A 
manganese base alloy with 80 to 85 
per cent manganese and 15 to 20 per 
cent copper on quenching from a solu- 
tion temperature has a low hardness of 
50 Brinell. In a subsequent precipita- 
tion hardening treatment it reaches a 
hardness of 500 Brinnell. Since 1934 the 
production of magnesium castings has 
increased several fold. The magnesium 
alloys are also strengthened and made 
more ductile by heat-treatment. 

Powder metallurgy is slowly chal- 
lenging the casting industry. Investi- 
gations are being conducted in the pos- 
sibilities of substituting the processes 
used in powder metallurgy for the pro- 
duction of articles now made by stand- 
ard practices of melting, casting, and 
fabricating. Powder metallurgy is 
proving useful in some phases of bear- 
ing manufacture. Oil-less bushings 
with uniform porosity are widely used. 

In conclusion, the casting industry 
has conducted endless experimentation 
of a practical nature. There has been, 
however, an almost complete absence 
of fundamental research. The produc- 
tion of good castings represents, as 
Melmoth stated, (Foundry, Vol. 48, 
July—Aug. 1939) a combination of 
practical and theoretical factors involv- 
ing great difficulty in their elucidation 
and understanding. 
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PNEUMATIC CIRCUITS—II 


For Controlling and Operating Machine Cycles 


NEUMATIC control valves are 
designed in many styles so that 
they can be readily attached or 
mounted on flat or projecting surfaces 
of machine frames. Standard valve types 
are arranged for either foot or bracket 
mounting, and with pipe connections 
on either the right or left-hand side to 
facilitate piping. 

When selecting a place to mount the 
control valve, some forethought should 
be exercised to make sure the barrel 
or housing of the valve or control will 
not be strained or twisted out of align- 
ment when a load is imposed on the 
machine, thus cramping or binding the 
working parts of the valve so that their 
easy operation is prevented. 

Piston rods may extend beyond one 
or both ends of work cylinders. The rod 
ends may have either external threads 
or be drilled and tapped with internal 
threads to suit the method of attachment 
to machine parts. 

A few arrangements of pneumatic cir- 
cuits for controlling machine operations 
were diagrammatically presented in 
Part I of this article in June Propuct 
ENGINEERING. More illustrations are 


here presented showing other typical 
circuits and types of control. 


2" bore, stroke B 
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Air may be used 
in the same circuit; 
exhaust to atmosphere 


Consulting Engineer, 
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2" bore, stroke A 


=p 





(T 
ee — | 





` . ‘ 
` ' ‘ 
_ Button valves 


L. A. WARD 










Toggle- operáted 
exhaust type valves 


Tray shaking arrangement. This 
hook-up is a simple self-reversing con- 
trol in which the collar on the piston 
rod extension trips the toggle operated 
exhaust valves 1 and 2, and causes a 
continuous reciprocation of the piston 
rod. 

To start operation the shut-off valve 
3 is opened. If the cylinder piston is 
in position shown with valve 1 tripped 
open, the piston of the main valve 
will move to left which admits air to 
left-hand side of work cylinder and 
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exhausts air from right-hand side ot 
work cylinder so that work piston 
moves to right until the collar on pis. 
ton rod strikes toggle on valve 2. 
When valve 2 is opened by collar 
striking the toggle. air is exhausted 
from right-hand side of main valve and 
main valve piston moves to right thus 
admitting air to right-hand side of work 
cylinder and exhausting air from left- 
hand side of work cylinder thus moving 
work piston to left until collar strikes 
toggle on valve 1 to complete cycle. 


Marine drive gear shift using hy 
draulic system. Cylinder 4 is mounted 
on end of fixed cylinder 1 piston rod. 
both move together. To shift into for- 
ward, valve F is depressed to exhaust 
oil from left-hand end of valve 5, feed: 
ing oil to blank end of cylinder 1, mov- 
ing shift to neutral, simultaneously oil 
is exhausted from left-hand end of main 
valve 6, feeding oil to blank end of 
cylinder 4 thus extending X to point /. 
To move to X, valve R is pressed to 
exhaust right-hand ends of valves 5 and 
6 through check valve G. Check valve 
E stops flow to check valve D and valve 
N. Valves 5 and 6 move to right-hand 
ends feeding oil to rod ends of cylin 
ders 1 and 4, bringing shift back to 
point X. Depressing button VV exhaust 
oil from left-hand end of valve 5 ani 
right-hand end of 6 through valve E. 
moving piston in cylinder l to right 
and piston in cylinder 4 to left bringin 
shift to Y or neutral. If air is used 
this circuit exhaust is to atmosphere. 
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Pressure control cireuit for clinch- 
ing machine, this circuit employs a 
small size main valve in the control cir- 
cuit. Starting with the cylinders 1 and 
2 in the up position, with 3 to the left 
and 4 to the right, valve 5 is depressed 
to start cycle. This admits air pressure 
to line A. Check valve A, being spring 
loaded, and check valve A, not being 
loaded, air is permitted to move through 
to line B. Check valves B, and B- are op- 
posite flow so that air flows to valve 19, 
which is a 14 in. main valve in the 
control circuit for switching the con- 
trol from valve 7 and 6 to valves 8 and 5. 

Tracing the circuit from valve 19, if 
the reset valve 8 was not pressed before 
valve 5 was operated, so that the con- 
trol is still under valves 7 and 6, air is 
exhausted freely through valve 19 to 
the atmosphere at B;. When the reset 
valve 8 is pressed, air flows to line C 
moving valve 19 to the left, closing port 
B, and connecting pipe line B to the 
port that is plugged, so that line B is 
then cut off. Valve 12 is also moved to 
the left end by air passing through the 
check valve C, placing cylinder 4 in the 
position shown in the diagram. 

Tracing the circuit from line A, with 
the line B closed off at valve 19, pres- 
sure will build up in line A until it will 
pass through the check valve A, to line 
D. This moves valve piston 9 to the left, 
feeding air to the top end of cylinder 1, 
a speed control needle valve is placed 
in the exhaust port of the valve 9 to 
control the down speed of the cylinder. 
As the cylinder reaches the bottom of 
Stoke, the arm on the upper rod opens 
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valve 13, feeding air to the left-hand end 
of the main valve 9, through pipe line 
E, which causes the cylinder 1 to move 
upward. 

As the cylinder moves and is close to 
its top position, the finger on the upper 
rod trips trigger valve 15 feeding air 
to line G. Check valve G, is closed in 
this direction so air passes only to the 
right-hand end of main valve 11, moving 
piston to the left, feeding air to the 
left end of cylinder 3, causing it to 
move to the right. On completing its 
stroke valve 17 is opened feeding air 
to line H, air will pass through check 
valve B, to line B and check valve B; 
on valve 19 is closed so that the pres- 
sure will increase and pass through the 
spring loaded check valve H,, and as 
H, is opposite in flow, air passes on to 
main valve 11] at the left-hand and mov- 
ing its piston to the right, causing cylin- 
der 3 to reverse and move back to the 
left end. Near the end of the stroke 
of cylinder 3, trigger valve 18 is opened 
feeding air to line J with line B blocked, 
as described previously, air will not 
pass through check B, but will pass 
through check valve J, to line K and to 
the left-hand end of main valve 10, mov- 
ing its piston to the right and feeding 
air to the right-hand port thus to the 
top end of cylinder 2. This cylinder 
then moves down, controlled by the 
needle valve 20 in the left-hand exhaust 
port. 

When cylinder 2 reaches the bottom 
of its stroke valve 14 is opened so that 
air is fed to line L, reversing valve 10, 
which reverses the left-hand working 


cylinder 2, bringing it to top position. 

Near the top stroke of cylinder 2, 
trigger valve 16 is opened and air is 
fed to line M, leading to the left-hand 
end of main valve 19, this moves the pis- 
ton to the right-hand end opening port 
B, making hand valve 5 inoperative and 
valves 7 and 6 operative by closing 
port M.. 

By opening the valve 7, air passes 
to the line N and through check valve 
H, to line O, to the left end of valve 11, 
tending to move the piston to the right- 
hand end, but since this is the position 
in which the piston is resting at this 
time nothing happens further. Air also 
passes through spring loaded check 
valve N, to line O to the left-hand end 
of valve 12, moving the piston to the 
right-hand end and feeding air to the 
right-hand end of cylinder 4 moving its 
piston to the left. 

As the valve 6 is depressed air is 
admitted to the line P passing through 
the spring loaded check valves G, and 
P, to line G and line C causing the 
valves 11 and 12 both to reverse, this 
causes both cylinders 3 and 4 to move 
to the right and when the valve 7 is 
operated, the cylinders are reversed 
again to the left. 

When the number of reciprocations 
necessary to clinch the work properly 
have been completed, and unloading is 
desired, the reset valve 8 is operated, 
moving the cylinder 4 to the right-hand 
position where unloading and loading 
operations are accomplished. Valve 5 
can then be depressed and the next 
cycle started. (Continued on next page) 
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‘.-Jomkins-Johnson air cylinder ; 
3” bore x approximately §§" stroke ; 
style 3, special rod extension 


Double-hand 
button valve 6 ...--- 


Air supply —» 
14°IP 


Fu 
Y A i 
sy `M” /ubricator 
`Z” strainer 


Kettle cover lifter. Pneumatic cylin- 
ders applied to a 9 ft. diam. vulcanizing 
kettle, for unlocking, raising, and 
swinging to one side a 5,000 lb. cover. 
The cover is clamped down by a bay- 
onet lock. 

Mechanism operates using pressure 
control. By depressing the right-hand 
button of double-hand button valve 6 
air is admitted to the left-hand end of 
main valve l, moving the piston to the 
right-hand end, delivering air to line 
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? —- Swing cam 


i 
-.--Thrust bearing 


_---Jompkins-Johnson air cylinder, 


tandem 8" bore x /8" stroke 
ll ~- Yoper cylinder, style 2 flange head's, both ends 


``- -lower cylinder, style-2 


J ~~To lower bearing 


ee 


Finger on cover rim 


Trigger-operated 
valve 4 


` 


Needle valve 


3, thus to the two bayonet unlock cylin- 
ders A causing them to rotate the cover. 
When this is done, a finger on rim of 
the cover contacts the trigger oper- 
ated valve 4, causing it to admit air 
to the right-hand end of main valve 2. 
This moves the piston to the left-hand 
end, feeding air to the lower part of 
the two tandem cylinders to raise the 
cover. 

When cover has been lifted enough 
to clear the top of kettle, a cam action 


Bayonet unlock cylinders 
for rotating cover 


cylinders for 
raising cover 


takes place that causes the cover to 
swing to one side. 

To close kettle the left-hand button 
of valve 6 is depressed, feeding air to 
the left-hand end of main valve 2, ex 
hausting air from the tandem cylinders 
to let the cover swing back over the 
kettle as the cover lowers to place. 

When the cover is almost closed, 4 
second trigger valve 5 is actuated rte 
versing main valve 1 causing cylinders 
A to rotate cover into. bayonet lock. 
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Pneumatic arrangement(for cutting 
off molding as it is delivered by a con- 
tinuous forming roll. Molding after be- 
ing formed moves along the table and 
contacts the lever arm 2 swinging it 
back, causing the valve 1 to be opened 
exhausting the air from the left-hand 


Air cylinder 3, 3“bore x 3" stroke 


Pressure-operated 
valve 4 


Needle valves for 
speed control 
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end of the main valve 3. This moves 
the piston of the valve 3 to the left, 
feeding air to the left-hand port, thus to 
the top of the 4 in. diam. cut-off cylin- 
der 4. Cylinder 5 is retarded in its ac- 
tion by the pressure relief valve 6 which 
maintains sufficient back pressure 


Regulating and 
reducing valve 9 


| Trigger-aperated 
button valve 8 


|- Air cylinder 5, 
14" bore x I" stroke, 
| Spring return 


I 
Electric switch 6 
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against the line to cause the cylinder 4 
to cut off the stock. Air then flows into 
the cylinder 5, pushing the stock off the 
lever 2 allowing valve 1 to close where- 
upon the main valve 3 reverses, return- 
ing both the shear and the push-off cyl- 
inders 4 and 5 to their top positions. 


Air cireuit for welding machine. 
After the work has been placed on the 
anvil, the machine cycle is started by 
depressing the foot button valve 1 thus 
admitting air pressure to the left-hand 
side of the main valve 2 moving its 
piston to right side, thus delivering air 
to the top side of cylinder 3 and ex- 
hausting the bottom side of cylinder 3, 
and moving piston of cylinder 3 down 
to contact work on anvil. When pres- 
sure is built up in cylinder 3, the 
pressure operated spring loaded check 
valve 4 opens delivering air to and oper- 
ating cylinder 5 which closes the elec- 
tric switch 6, this closes the electric 
circuit for applying the welding cur- 
rent. 

After the welding machine goes 
through its cycle of operation, the cam 
7 trips the trigger on the button valve 
8 admitting air pressure to the right- 
hand side of main valve 2 and moving 
its piston to left-hand side, thus de- 
livering air to the bottom of cylinder 
3 and simultaneously exhausting the air 
from the top of cylinder 3, at the same 
time the pressure is removed from the 
spring return cylinder 5 thus opening 
the electric switch 6. The welding pres- 
sure on the work can be controlled by 
adjusting and setting the valve 9, this 
valve is of the pressure regulating and 
pressure reducing type. 





321 


wa tei 






PEDALS AND FOO 


FIG, 24 


Fig. 24—Combination electrical switch and brake pedal shuts off 
power when treadle is rotated about D, and simultaneously brings 


braking pad B into contact with rotating member C. Treadle returns 
to original position by spring E. 


Fig. 23—Strap iron treadle A, bent to con- 


form to shape of machine base, permits opera- 
tion from any station. Floor plate can be welded 


to strap to give larger foothold if desired. 


Fig. 25— This treadle, 
with the operator in a sit- 
ting position, is shaped 
so that the toe can be 
used either to pull the 
lever up at B or to push 
down at C when the lever 
is in the position shown 
by dotted lines. Rein- 
forcing web A is notched 
to engage cast stop. 
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FIG. 27 
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FIG. 26 


Fig. 26—Large round-topped but- 
ton, positioned 45 deg. to the floor 
to allow the operator to rock his 
foot from the heel, is limited in 
travel by the switch case. The case 
is built wide to provide a foot rest. 
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FIG, 28 


Fig. 27—Double-acting treadle is mounted on the outside Fig. 28—Right angle treadle A is made of non-skid floor 
of a case which houses the electric starting switch. Electrical plate, one end of which is bent round and reamed out to 


contacts operate through shaft B. Stop C, 


rugged enough to form the pivot. Treadle pivots on a pin in the cast 


withstand heavy pressure, limits travel in both directions. bracket B which is bolted to the machine base. Screw 
Treadle returns to neutral position when pressure is released. eye at C is wired to the tripping mechanism. 
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OPERATED LEVERS —-Ill 


FRED ADAMS 


OOT-controlled members are, in most instances, auto- 

matically returned to their original or neutral positions. 
Various mediums of return are used, but the spring seems 
to be the universal favorite, helical types, torsional, and 
leaf springs being most common. Counterweights, both 
fixed and adjustable, are prevalent where gravity can be 
utilized. Other installations are operated hydraulically or 
pneumatically. Limiting stops for treadles are often 
necessary, particularly on electrical machines where foot- 
operated switches must be protected from rough kicking. FIG, 29 





Fig. 29—Cover B, pivoted at C and flanged and shaped to 
fit sole and heel of the operator’s shoe, operates electrical 
switch contained in cast iron floor box A. Coiled spring re- 
turns treadle to neutral; stop D limits upward movement. 










Fig. 30—Nested designs such as this can be used where space 
is limited, or where levers must be close together. 


FIG. 31 





Fig. 31—Two front levers A and D are mounted on solid and Fig. 32—Identical foot levers are designed to project over oil- 
hollow concentric shafts. Shafts are supported by floor catching flange on machine base. Tripping mechanism, 
brackets C and F. Connections to the tripping mechanism fastened at A and B, raises one pedal as other is depressed. 


are fastened to levers G and H. 


C B Fig. 34—Treadle A of this combination cast 
iron and sheet metal pedal is bent around 

A A A A AAA g à ? 
ALLL hd hk oe a pin to form bearing. Web of cast base B 


is short of pin center at D to place the ful- 
crum near floor. 





FIG, 33 
floor ‘ 
it to Fig. 33—For greater safety, floor plating is bent half- 
oil around at A so that as the foot approaches the 
crew treadle, the sole of the shoe can strike at an angle 


and still be guided onto the top surface. 
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Question and Commen 


Discussion of Cam Design Analysis 


H. E. GOLBER 
Chicago, Ill. 


9 


The article “Cam Design Analysis’ 
by W. H. Shorter, Jr., published in the 
May, 1940 number of Propuct ENGcr- 
NEERING contains quite a number of 
interesting points. The writer disagrees 
with Mr. Shorter in some of his con- 
clusions. 

CF 
1/R, + 1/R: 
may be interpreted thus: The safe wear 
load depends on the material, on the 
width of face, and on the total relative 
curvature. Is thus true? Into all ball 
bearing formulas, the speed enters. 
Why does it not enter into this formula? 
The writer hopes the formula is true 
as it is very simple, but reference to 
publications showing its derivation and 
corroborative tests will be appreciated. 

There seems to have been some diffi- 
culty encountered with the machining 
of the “leader” or master cam. In one 
establishment master cams are made by 
rectangular coordinates on a Pratt and 
Whitney jig-borer and no difficulties 
are encountered. The spindle of the 
jig-borer is located where the roller 
center should be, and a cutter of proper 
radius cuts away the stock leaving the 
cam shape with little ridges between. 
These ridges are removed later by hand 
leaving a perfectly smooth cam sur- 
face. Moreover, it does not “destroy 
the theoretical accuracy of the track,” 
because when finally finished the origi- 
nal cutter marks are still visible. The 
cam is easily made correct to 0.0005 in. 

It is suggested that the radius of 


curvature 
2-33 /2 
dR 
2 weet 
ÆR aRY 
R- R (35) +2 (5) 


be figured at equally spaced angular 
positions. The writer has used this 
formula for many years, finding it first 
in “Carr’s Synopsis of Mathematics.” It 
was found that the labor involved was 
very great and all wasted. The cam had 
to be drawn anyhow, and that gave the 
curvature closely enough. 

On page 224, third column it says, 


The formula W. 
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“the data obtained for the swinging 
type followers are mathematically cor- 
rect, a condition which is only approxi- 
mated by a graphical construction.” The 
writer is puzzled, since he could find 
nothing in the article to connect there- 
with. The writer frequently computes 
cams for swinging followers by the use 
of sines and cosines. He would like to 
learn more about the application “of the 
data to swinging followers” as it is a 
subject he labors on constantly. 

There are four graphs submitted, the 
harmonic, the gravity, the cycloidal 
and the cube and gravity combination. 
The last two are recommended for 
“characteristics which are favorable to 
high speed motions starting under load.” 
The first two graphs are discarded. The 
writer wonders why? 

The harmonic graph has characteris- 
tics which make it the best graph for 
certain conditions. The writer com- 
puted that its characteristics permitted 
one machine to run 30 per cent faster 
than otherwise. In addition the gravity 
graph also has certain characteristics, 
which under certain conditions make its 
use desirable. The cycloidal and com- 
bination graphs have been discussed 
before. The cycloidal graph is discussed 
in “Kinematics of Machinery” by Al- 
bert and Rogers 1931, pages 147-149. 
The Cube-curve is discussed in “Cams” 
by F. D. Furman, 1921, pages 1254-131. 

But why was it decided that the com- 
bination and cycloidal graphs had 
“Characteristics favorable to high speed 
starting under load.” Apparently be- 
cause the acceleration starts with zero, 
and ends with zero. What is gained 
thereby? 

There has been a controversy on this 
subject, in the pages of Propuct ENGI- 
NEERING during the preceding years. As 
the writer sees it, a body starting to 
fall under gravity starts smoothly 
enough, and in rising against gravity 
stops smoothly enough. In the previous 
controversy the discussion was shut off 
unfinished. I hope this will not happen 
here. 

Here again “under certain condi- 
tions” not mentioned in the article, the 


cycloidal and combination graphs are 
better than either the harmonic or the 
gravity. But these conditions do not 
always occur and can be avoided, and 
then the cycloidal and combination 
graphs are definitely worse. Attention is 
directed to the maximum acceleration, 
which is least for gravity, and higher for 
all the others. 

It would be very desirable, if the 
basis for any conclusions that are 
reached should be specifically stated so 
they may be examined. These may be 
based on theoretical considerations such 
as the assumed desirability of zero 
acceleration at start, or may be based 
on practical experience. If the latter, 
the experience should be given in de- 
tail so it might be judged whether a 
false analysis is not being made. 

The writer of this letter himself has 
sinned often enough by making a false 
analysis. He has frequently blamed on 
the cam design many troubles for which 
it was not responsible. This he proved 
by afterwards curing the trouble with- 
out changing the cam design. It would 
be highly informative if engineers would 
give case histories of various troubles 
encountered and how they were cured. 


Answers Question On 
Ball Speed Reducer 


To the Editor: 


Referring to page 232 of Propuct 
ENGINEERING for May, M.J.N. of Cali- 
fornia wants some information concern- 


Ball cage in ie 
th driven sha 
Batts. KW with driv 


Driving shaft I 


ho 
Bal! race on A j TARIM 


driving shaft 


“- Stationary 


ing a ball speed reduction unit. The 
unit illustrated was the invention of 
C. G. Garrard, who licensed the 
Crocker-Wheeler Electric Manufactur- 
ing Company, Ampere, N. J., to build 
speed changers under his patents. 
This type of reducer was discon 
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tinued because of mechanical difficul- 


ties. It could only be used for very 
light loads and the pressure between 
the balls and races must be very heavy. 
—H. M. Epmunps 

Ampere, N. J. 


Ball Speed Reducers 
Built as Specials 
To the Editor: 


In your May number, under initials 
M.J.M., is a request for information 
concerning a ball bearing used as a 
reduction gear. I can present consid- 
erable history on this. 

The first units of this type were built 
with a two-row bearing using a small 
difference in pitch diameter to offer an 
extremely large reduction in a single 
step with very small power. They were 
used for driving the rotating air dis- 
tributor on fans mounted in the ceil- 
ing of pullman cars. This was back in 
1922 and 1923. 

A number of the single row type, 
such as your correspondent describes, 
are now being used as a fixed ratio 
reduction gear for a two-speed arrange- 
ment on record drivers for broadcast- 
ing station reproducing phonographs. 

We built some samples of the two 
row type for a large reduction for a 
proposed controllable propeller drive, 
and we also built some samples of 
a single row type for a step-up gear on 
high speed grinding spindles. We have 
specific details as to its possibilities, 
because there are definite limitations 
to this reduction gear. So far as I 
know, these units were all built as 
specials by some of the regular ball 
bearing manufacturers. 

—Tuomas BarisH 
Marlin-Rockwell Corporation 


Flywheel Substitute? 
To the Editor: 


We are developing a compact, light- 
weight, portable machine in which an 
electric motor drives a turntable. It is 
absolutely essential for the fine per- 
formance of the machine that the turn- 
table have a constant angular velocity 
free from all sudden fluctuations. 

A massive flywheel has proved satis- 
factory in stationary equipment, but is 
undesirable in portable machines be- 
cause of its weight. We are looking for 
some means of obtaining the flywheel 
effect without the flywheel, and would 
greatly appreciate any suggestions or 
ideas from your readers through “Ques- 
ton and Comment.” 

—SAMUEL WESERT 
New York, N. Y. 
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Circular Rack 
With Single Pinion 
To the Editor: 


In reply to a query by Mr. Wm. T. 
Savage, Jr., on page 277 of the June 
1940 number of Propuct ENGINEERING, 
we have been using a circular rack 
with a single pinion to select speeds 
of feed on our roll turning lathe, used 
in turning copper rolls for textile use. 
The sketch shows the interior of the 
gear box. 





Tight gears 
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Loose gears 





As you will notice, there are four 
sets of gears constantly in mesh. Drive 
gear shaft is slotted to admit key, 
which is moved by turning knob on 
outside of gear case, thus sliding rack 
and key to desired position. A spacing 
washer is placed between each of the 
loose gears, depressing the key so two 
gears cannot be connected simultane- 
ously. Loose gears are notched on bore 
to receive ear on key. 


—FrRANK L. EATON 
Johnson & Bassett, Inc. 





Industrial Designers 
Discuss Cabinet Design 


To the Editor: 


Much to our chagrin, Mr. N. V. 
Smith, President of the Smith-Johnson 
Corporation, calls us “art designers,” 
and apparently assumes that we are in 
the business of waving our hands, tear- 
ing our hair, and raising the devil in 
general with “bad art.” (PRODUCT 
ENGINEERING, June, page 276.) 

I have prepared some necessarily 
brief and reserved comments on Mr. 
Smith’s cabinets. I do not attempt to 
suggest changes in their design, but 
will criticize them in their present 
shape. These comments, of course, will 
apply to the photograph of the ma- 
chines as it appeared last month. 

First, we will take the over-all shape. 
The present shape of the cabinets is 
not at all bad, but it has been used 
by so many other manufacturers of the 
same type of unit that this may be one 
reason why they don’t look right to 
Mr. Smith. Some attempt should have 
been made to obtain a shape, although 
functional, somewhat different from 
that of the average cabinet of this 
type. 

There is a tendency for the cabinets 


to look a bit top-heavy, because of the 
conglomeration of tubes and faucets 
at the top. Effort should be made to 
make the center of gravity at least 
appear to be very low. Leave off any 
unnecessary trim parts at the top, 
and make the trim at the bottom quite 
heavy and solid looking. Perhaps use 
a slightly deeper base, which could be 
inset and painted black as at present. 
Parts on the top of the cabinet should 
if possible be finished in a light color. 

One line under the name would be 
much better than three. Inasmuch as 
it would be best to make the cabinet 
appear as low as possible it would be 
best to stick to horizontal lines and 
eliminate vertical trim. 

In this type of equipment, color com- 
binations are quite a problem. We 
have had the occasion, when restyling 
a product that called for a baked 
enamel finish, to call in outsiders whose 
unbiased opinion in the matter of color 
was needed. Almost without fail, when 
an item was to be used where surround- 
ing colors might be in almost any 
combination, we had to resort to white 
with black trim. This applies mainly 
to home appliances where only one 
color combination could be offered by 
the manufacturer. I presume this is 
the case with Mr. Smith. In his case, 
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however, I would suggest a color just 
a little more on the warm side, or a 
base color such as buff or desert tan. 
White shows grease too plainly. 

For trim color I believe another warm 
color should be used, such as a deep 
maroon or dark brown. There should 
be some bright spot of color some- 
where on the cabinets, probably best 
carried out in the name plate. This 
should be either a very bright red or a 
brilliant blue. 

I hope these comments will be taken 
with a grain of salt, as they were made 
after looking only at a simple photo- 
graph. Some of them might have to be 
retracted were I to view the cabinets 
in the flesh—Karw BrockeEn, Associate 

Brooks Stevens, Industrial Design 


To the Editor: 


The trouble with the grease pump 
cabinets presented by Mr. N. V. Smith 
in the June number lies in the striking 
contrast and lack of harmony between 
the sheet metal housings and the pump 
fittings which are not concealed within 
the housings, but which are, in fact, 
prominently displayed. 

If prominent display of the fittings 
is desired, the cabinets should be sim- 
pler and more frankly mere housings. 
On the other hand, if the objective is 
a group of integrated lubrication units 
with a pleasing appearance, the fittings 
necessarily exposed in use should be 
built into, rather than on, the cabinets. 
Progress in this direction has been 
shown in modern gasoline metering 
pumps. —A. P. STEENSEN 

The Foxboro Company 


Believes Urea Plastics 
Not Rated High Enough 
To the Editor: 


I have read with interest several 
Propuct ENGINEERING articles relating 
to plastics and would like to comment 
by saying that in some of the articles 
Urea plastics have not been given quite 
as good a rating as we believe they jus- 
tify. In some instances, this is due to an 
attempt to coordinate data, neglecting 
certain perfunctory details, which cre- 
ates an entirely different picture than 
that obtainable from all the facts. 

As a point for discussion, we might 
take the so-called “Plastics Compara- 
tor” in the April number. In the table 
the “loss factor” for Ureas is listed in 
ninth place. We presume that the “loss 
factor” is the product of the power 
factor and the dielectric constant, 
neither value of which is indicated. 
Therefore, we must conclude that based 
on loss factor, Ureas are poor dielectrics 
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for alternating currents. As a matter of 
fact, however, a mathematical rating 
for a plastic based on the product of 
the dielectric constant and the power 
factor is misleading. This is obvious to 
anyone acquainted with the behavior of 
alternating currents. Anyone reading 
the Comparator and not knowing the 
“missing data” would very well discard 
Ureas for dielectrics, yet as a matter of 
interest, Ureas have certain excellent 
electrical properties which are not even 
remotely indicated in the table. 

It is my belief that during this period 
of plastics growth we cannot be too 
careful to give all the pertinent in- 
formation so that engineers can more 
readily pick the proven plastic for a 
given application. Misuse of any plastic 
for a given job gives the whole industry 
a black eye, and somehow these black 
eyes last a long time. 

“Plastics Comparator” is, no doubt, 
a fine addition to our present informa- 
tion on plastics, but like Dr. Kline’s 
famous table on plastics, it should be 
used only for preliminary consideration 
as the authors indicate, the final con- 
siderations being worked out mutually 
by representative engineers of the com- 
panies involved. —M. H. BicELow 

Toledo, Ohio 





| Editor’s Note—Referring to “Plastics 
Comparator,” note that Urea plastics 
are rated No. 1 in dielectric strength. | 


Scrapers and Wipers 


To the Editor: 


A noteworthy addition to the informa- 
tion on “Scrapers and Wipers” given in 
Propuct ENGINEERING for February, is 


this cross-section drawing. It shows the 
details of a spring tension scraper de- 
vice with a felt wiper used for the 
wiping of bed ways on turret lathes 
made by the Gisholt Machine Company, 

The spring wiper, made of bronze 
properly tempered to give it a spring 
effect while moving over the bed way, 


Steel wiper cover 





has a tendency to scrape without 
scratching so as to remove all harsh 
particles such as grindings and shav- 
ings. The felt wiper mops up or ab- 
sorbs the water or coolant. 
—J. S. Tame 
Chicago, Ill. 


Are Welding Handbook 
To the Editor: 


I have just noticed on Page 287 of 
the June issue of “Product Engineering” 
wherein you erroneously state that the 
price of our “Procedure Handbook of 
Arc Welding Design and Practice” is 
$5.00. 

Please accept our thanks for the com- 
pliment implied, but the price is $1.50, 
postage prepaid in the United States, 
$2.00 elsewhere. —A. F. Davis 


Lincoln Electric Company 





Can You Work This One? 


H. E. SMITH 


Solution to June problem— 
The Bookworm 


Herman, the bookworm, ate his way 
through from page 1, Vol. 1 to the last 
page of Vol. 12 of a 12-volume set of 
law books. The volumes were arranged 
in numerical order, reading from left 
to right. In appeasing his appetite, 
Herman chewed a neat tunnel clear 
through the middle ten volumes, but be- 
cause of the arrangement of the books, 
only had to eat through the first cover 
of Vol. 1 and the last cover of Vol. 12. 
Therefore, each volume being 234 in. 
thick with 4-in. covers, Herman’s law 
course consumed exactly 2754 in. 








This month’s problem— 


Wine Dilution 


A man named Julius was storing in 
his cellar a 10-gal. jar filled with a mix- 
ture of 60 per cent wine and 40 per 
cent water. One day his wife accident- 
ally pushed the jar under a faucet 
which dripped into the wine at the rate 
of one pint per day in slugs of 0.001 
gal. Forty days later, Julius discovered 
that his wine had been overflowing, and 
when he determined the cause, he was 
quite upset, not so much about the loss 
of a little wine, but rather about 
dilution of his mixture. What percent- 
age of the remaining solution was wine? 
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High Surface Temperature Given as Cause 
Of Early Failure in Smooth Bearings 


Experiments made under conditions of boundary lubrication indicate 
that interrupted surfaces create less surface heat, wear longer 


HicgH SURFACE TEMPERATURE is the 
cause of bearing surface failure, ac- 
cording to Macy O. Teetor, research 
director of Perfect Circle Company, in 
a paper “Load Carrying Phenomena 
of Bearing Surfaces” presented before 
the Society of Automotive Engineers 
during their Summer Meeting. Mr. 
Teetor’s paper, reporting results of ex- 
periments made on bearing surfaces 
with little or no lubrication, brought 
out two interesting facts: that the 
smoother the bearing surface the less 
the load bearing capacity, and that the 
load carrying capacity in lb. per sq.in. 
decreases as the contacting area in- 
creases. 

In experiments conducted on sliding 
surfaces, using thermocouples located 
within a few thousandths of an inch 
from the surface, it has been deter- 
mined that local surface temperature 
was often surprisingly high and could 
exceed 1,800 Deg. F., even though the 
mass of the-metal was quite cool. Bear- 
ing surfaces undergo a change in finish 





These bearing samples, ground to same finish, were subjected to equal wear tests. 
Note failure of plain surfaces; interrupted surfaces remain unscratched 
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and sometimes in structure as the sur- 
face temperature increases. If the areas 
in contact reach the melting point of 
the materials, the bearing fails, and 
scuffs, scores, cold welds, or chips. 
The smoother the surfaces the easier 
it is to separate them with an oil film 
but maximum load carrying capacity 
is not reached until after lubrication 
has started to break down. After lubri- 
cation breaks down there are larger 
areas of contact if the surfaces are 
smooth than if the surfaces are rough. 
Since the areas of contact are the spots 
where surface temperature is generated, 
a smooth surface will generate more 
heat. Heat dissipation into the body 
of the bearing material remains con- 
stant for a given material, but there is 
more heat to be dissipated from the 
smoother surfaces. As a result, the 
temperature of a smooth surface can 
more quickly reach the melting point 
of the materials. It is true that a 
rougher surface has smaller points upon 
which to carry the load. But being 


farther apart, surrounded by cooler 
areas and possibly by some oil into 
which the heat can readily flow, the 
points of contact will carry more load 
before actually reaching the melting 
point of the materials. The scratches 
and grooves prevent the transfer of 
heat from one surface point to another. 

An interesting example of this is 
given in the picture of two sets of 
specimens comparing plain ground sur- 
faces with surfaces broken up into 
small bearing areas. In one set one 
bearing surface was interrupted with 
transverse grooves and in the other set 
small holes were drilled through one 
sample. The plain surfaces scuffed 
very badly in both instances but the 
interrupted surfaces were hardly 
scratched when subjected to the same 
conditions of wear. 


Grooved Piston Rings 


From this research it would appear 
that an interrupted or cavitated bear- 
ing surface is more desirable than a 
continuous surface in some applica- 
tions. Grooves in piston rings con- 
tribute to excessive oil consumption 
and a similar surface on a pressure 
lubricated bearing makes the main- 
tenance of oil pressure difficult. These 
difficulties created by open grooves 
can be solved by filling them with a 
suitable material. Tests made on pis- 
ton rings determined that deep grooves 
in the surfaces of the rings, when 
filled with black magnetic iron oxide 
greatly increased the life of the rings. 


Northwestern Builds New 
Technological Institute 


BEGINNING CONSTRUCTION of their new 
$5,000,000 Technological Institute 
building, Northwestern University is 
taking a forward step in the coopera- 
tive plan of engineering education. The 
Technological Institute is a new divi- 
sion of the University in which stu- 
dents spend alternate periods of the 
year attending classes and working in 
cooperating industries to obtain prac- 
tical experience. 

The new building, made possible last 
year by a gift of $6,735,000 from the 
Walter P. Murphy Foundation, will 
contain 450,000 sq. ft. of floor space 
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Northwestern’s Technological Institute building, now under construction 


and will provide laboratories, class- 
rooms and offices for the chemistry and 
physics departments of the University 
and for the engineering divisions of 
the Technological Institute. Equipment 
will be valued at $1,350,000, including 
special laboratory machinery with a 
value of $500,000. 

Under the cooperative plan of edu- 
cation, which has been used success- 
fully for thirty-five years by many 
schools of engineering, students enroll 
in the Technological Institute on five- 
year courses in civil, mechanical, elec- 
trical or chemical engineering. During 
his freshman year the student spends 
the first three consecutive three-month 
quarters at the Institute and uses the 
fourth quarter as a summer vacation. 


Mii 


Transparent ear, a Pontiac “repeat” for the 1940 World’s 
Fairs, has crystal-clear Plexiglas body, complete except for 
the insulating material, to give an “X-ray” demonstration of 
Sheets for the larger panels were 
made from small sheets by softening fitted edges in liquid 


plexiglass and clamping together—a process which left a 
barely discernible seam in the finished job. 


uni-steel construction. 
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At the beginning of the second year, 
he enters upon the program of alterna- 
tion between classroom and industrial 
work and continues it until the com- 
pletion of his fifth year. The student 
thus becomes familiar with practical 
techniques, trade terminology and hu- 
man relationships, which are best 
learned by actual plant experience. 

The cooperating employer may 
watch the progress of the student, and 
if the student shows promise, may give 
him special training. 

Enrollment of students in the Tech- 
nological Institute was begun in the 
fall of 1939 with the admission of a 
selected class of 100 students. The 
total enrollment of the Institute will 
be limited to 800 students. 


Standards Bureau Test- 
Surface Treatments 


HOT-DIP PHOSPHATE TREATMENT for 
both plain and galvanized surfaces 
showed outstanding merit in improving 
the protecting value of paint, reports 
the Bureau of Standards. Resulis of 
accelerated laboratory corrosion tests, 
including accelerated weathering. salt 
spray, and condensation corrosion tests, 
are described in Building Materials 
and Structures Report BMS44, which 
has just been released. Comparison of 
results is limited to the tests them. 
selves, and conclusions are drawn on 
the basis of factors affected by condi- 
tions peculiar to the individual test. 

Particularly effective protection was 
obtained when hot-dip phosphate treat. 
ments were used in combination with 
a primer of the inhibitive type. A phos- 
phate cold wash for galvanized steel 
and two phosphate-chromate cold wash 
treatments for plain steel also appeared 
to improve paint protection. This re. 
port is the first of a series. 


Nickel-Copper Steels 
Have High Durability 


RESULTS OF CORROSION TESTS on low 
alloy sheet steels containing nickel and 
copper show that the beneficial effects 
of nickel upon the weathering resistance 
of steel increase with increasing nickel 
content, and are enhanced by the addi- 
tion of optimum amounts of copper. 


Hand seraping the surfaces of the molded Plexiglas parts 
removed slight imperfections resulting from heat treating 
and shaping processes. Special dies, accurately made from 
wood, steel and plaster, were necessary to draw and form 
the 5/32-in. sheets used for the fenders and the -in. sheets 


for the hood and body panels. 
ished after scraping which made the plastic translucent. 


Surfaces were highly pol 
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Results of a series of six tests, which 
have extended over a period of fifteen 
years in rural, urban, industrial and 
marine atmospheres, were reported by 
N. B. Pilling and Dr. W. A. Wesley, 
Director and Assistant Director of the 
Bayonne, N. J. Research Laboratory of 
the International Nickel Co., Inc., in 
their paper on “Atmospheric Durability 
of Steel Containing Nickel and Copper,” 
at the Corrosion Session of the Ameri- 
can Society of Testing Materials. 
The superiority of nickel-copper 
steel is particularly pronounced in a 
marine atmosphere, tests here showing 


Case 


(Epıror’s Nore: We wish to em- 
phasize that in consenting to furnish 
this column wherein general explana- 
tions of the law in specific patent cases 
are set forth, Col. H. A. Toulmin, Jr., 
wants it clearly understood “that each 
actual case should be submitted to 
your own patent attorney who is the 
only one familiar enough to advise you 
accurately.” The purpose of these ex- 
planations is to give a better general 
understanding of questions of patent 
law). 


No. 17 


Question: Who is presumed to be the 
first inventor when two persons make 
the same invention? 


Answer: When two inventors have 
filed applications in the Patent Office 
for the same subject matter, the Patent 
Office determines this conflict of ap- 
plication by declaring an interference 
in order to determine who is the actual 
first inventor. This is a contest, like a 
lawsuit, held in the Patent Office and 
decided by the Patent Office officials. 
Testimony is taken by the respective 
parties after pleadings have been filed 
setting forth the dates that they claim. 
These statements of their dates are 
fled under seal and are retained un- 
der seal during certain preliminary 
stages of the interference. During this 
saling period either party may make 
a motion to dissolve the interference 
on the ground that the other party 
does not have the right to make the 
claims that are in issue in the contro- 
versy. This is one of several different 
grounds upon which motion to bring 


about the dissolution of the interfer- 
ence can be made. 


When the time for making these 
motions has expired, and all motions 
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the nickel-copper steel containing more 
than 2 per cent alloy outlasted copper 
steel from 200 to 300 per cent at the 
end of six years’ weathering. Results of 
tests on open hearth steels used in the 
droppers and bottoms of 50-ton railroad 
coal cars showed a two-to-one superi- 
ority for nickel-copper steels over un- 
alloyed and copper steels after six years 
of service. The effects of manganese, 
silicon and carbon contents do not 
appear to be important, but the pres- 
ence of a moderate amount of phos- 
phorous seems to be beneficial in nickel- 
copper steels. 


H. A. TOULMIN, Jr. 


filed during the time allowed are dis- 
posed of, then the preliminary state- 
ments giving the dates of the respec- 
tive parties are opened up. 

A Patent Office interference is one of 
the most complicated legal procedures 
known in the United States. It is 
based upon a vast host of very techni- 
cal rules. Merely being the first to 
conceive the idea, or even to disclose 
it and show it in drawings, is not 
enough to insure that you will be de- 
clared the first inventor. In addition 
to this, you must be diligent at the 
time and shortly before your opponent 
comes into the field with his invention. 
One of the important factors is to de- 
termine who was the first to reduce 
to practice, i.e., who was the first to 
actually make and successfully test 
the apparatus. Of course, the filing of 
the application in itself is regarded as 
a constructive reduction to practice, 
but often the actual reduction to prac- 
tice takes place many months before 
the filing of the application. 

The first to file an application is the 
senior party and is presumed to be the 
inventor. He has, according to sta- 
tistics, about three chances out of four 
to win the interference. It is incum- 
bent upon the second to file, who is the 
junior party, to carry the burden of 
proof to prove that he is the actual in- 
ventor. This is due to the fact that he 
was not as diligent as the first appli- 
cant to file his application and must 
overcome his delay by proving that he 
was, in fact, the first inventor. 

The parties take testimony, the first 
party to file being the last to take the 
testimony. The witnesses appear be- 
fore a Notary Public and are examined 
and cross-examined by the respective 
counsel. This testimony is then filed in 


the Patent Office, briefs are prepared 
and the lawyers appear before a board 


Do You Know That—- 


TORQUE WRENCHES, for drawing up a 
bolt to proper tension, are being recog- 
nized as a necessity to sound construc- 
tion and assembly—so much so that 
one manufacturer has recently an- 
nounced a complete new line of the 
wrenches. (16) 


NICKEL-ALUMINUM and : chrome- 
aluminum bonded sheets now available 
combine the beauty and durability of 
nickel and chromium with strength, 
and lightness of aluminum. (17) 


Histories in Patent Law 


of three Examiners in interferences, 
who determine the question of who is 
the first inventor. 

If the inventor who loses is dissatis- 
fied with the decision of the Patent Of- 
fice, his appeal lies to the United States 
Court of Customs and Patent Appeals. 
In case the losing party is an appli- 
cant, he can, if he desires, file a com- 
plaint in the United States District 
Court in the District where the pre- 
vailing party resides. The losing party 
may proceed in either of these ways, 
but not both ways. 

A very important new rule has been 
put into force by a new law just passed 
by Congress that a request for an in- 
terference based upon taking a claim 
from an issued patent will not be con- 
sidered unless that request is made 
within one year from the date of the 
issuance of the patent. This necessi- 
tates a very careful study of all the 
patents issued to competitors as they 
are published in the Official Gazettes, 
so that they can be compared with any 
pending applications and a prompt re- 
quest be made to put the pending ap- 
plications and the issued patents in 
interference. In the event that such 
interference is declared, no motion can 
be made on the ground that the inter- 
fering claims lack patentability be- 
cause the Patent Office has already de- 
cided that issue by issuing such claims 
in an issued patent. This rule, of 
course, does not apply when only pend- 
ing applications are placed in inter- 
ference with one another. 

This determination of whether or not 
there is interference is a matter very 
largely of law and should not be at- 
tempted by an engineering department. 
Simply ordering copies of patents from 
the Gazette and trying to determine 


whether there is any interference is a 
hard and often inaccurate method. 
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Worm Gear Speed Reducer 


Full anti-friction bearing equipped 
worm gear speed reducer, known as No. 
414B, has the high speed shaft sup- 
ported in radial-thrust ball bearings, 
and the slow speed shaft supported in 
Timken bearings. The worm, integral 
with the shaft. is hardened and ground. 
The gear is of high-grade alloy bronze. 
Oil seals of the built-in type are on both 


worm and gear shafts. Available in 
ratings of 14 to 2 hp., with torque ca- 
pacities from 567 in. lb. at 60-1 ratio 
to 1,095 in. lb. in ratios as low as 6-1. 
Winfield H. Smith, Inc.. Springville, 
Erie Co., N. Y. 


Mercury Clutch 


Utilizing mercury to displace friction 
segments by centrifugal force, this 
clutch permits a driving motor to gain 
speed before assuming load. Only four 
principal parts comprise the clutch: the 
driving member or housing, the driven 
member or inner drum, the clutch seg- 
ments and the mercury. In operation, 
mercury displaces the clutch segments 
inward, where they engage the drum at 
the proper time and speed, a positive 
drive being effected when the speed of 
the housing and driven drum are syn- 
chronized. It is possible to predetermine 
the time and speed of engagement. 
Overloads and other shocks are not 
transmitted through the clutch to the 
prime mover, the capacity of the clutch 
limiting the torque transmitted. At pres- 
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ent, 4- and 4%4-in. diameter sizes are 
standard, transmitting loads up to 5 hp. 
Other sizes available on specification. 
Mercury Clutch Corp., 637 W. 3rd St., 
Massillon, Ohio. 


Extruded Tubing 


Showing great improvement over var- 
nished tubular cotton braids under 
many conditions, a new development in 


plastic materials is an extruded tubing 
manufactured in continuous length. 
This tubing has outstanding mechanical 
strength, greater flexibility, improved 
tear and abrasion resistance, greater 
solvent resistance, increased heat resist- 
ance,’and is more fireproof than any 
former similar type of material. It is 
not affected at soldering temperatures, 
and does not lose its form up to 300 
deg. F. The new product is produced in 
five standard colors from size No. 20 to 
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5& in., but can be manufactured jn 
different sizes and wall thicknesses as 
specified. It is known as Irv-o-lite lype 
XTE-30. Irvington Varnish & Insulator 
Co., 24 Argyle Terrace, Irvington, N, J, 


Lubricating Coating 


Surfaces not readily capable of lubri- 
cation by ordinary means can now be 
pre-lubricated by a new stable and 
highly adherent lubricating coating, 
The coating is applied in liquid form, 
either by dipping, brushing or spraying, 
and hardened on exposure to light, pro- 
viding a relatively high resistance to 
abrasion and excellent lubrication and 
prevention characteristics, 
Basic element providing lubrication is 
colloidal graphite while the presence of 
small amounts of hardenable organic 
colloids and a hardening agent, in a 
water suspension, render the composi- 
tion photo-hardening in character. The 
coatings can be applied at normal tem- 
peratures or to surfaces heated up to 
100 deg. C. to promote rapid drying. 
Lubricating characteristics are not 
affected by operation of the surfaces at 
elevated temperatures. A similar proc- 
ess can be used to prepare non-conduct- 
ing materials for electroplating. Ache- 
son Colloids Corp., Port Huron, Mich. 


corrosion 


Gear and Escapement 
Mechanism 


Consisting of a train of heavy gears, 
pinions and a gear rack, this mechanism 
may be adapted for mechanical trip- 
ping or electric control operation in 
fixed or adjustable intervals and single 
or repeat operating cycles. When oper 
ated -by weight or spring, the rack 
drives the gear train through a ratchet- 
held loose pinion which, on reverse mo 
tion, is released to permit the rack to be 
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manually or electrically returned to its 
starting position. Constructed of heavy 
brass and steel with gears and pinions 
cut from solid stock. A variety of timing 
ranges from a few sec. up to approxi- 
mately 3 min. is possible, depending 
upon the gearing, length of rack and 
operating weight utilized. Walser Auto- 
matic Timer Co., 420 Lexington Ave., 


New York, N. Y. 


Variable Volume 
Hydraulic Pump 


Variable volume hydraulic pump, 
rated at 1,000 lb. per sq. in. continuous 
pressure, contains many new features. 
The shaft is of a larger diameter, with 
wide margin of safety against deflection 


under maximum load or shock. Needle 
bearings are wider and of larger diame- 
ter. Oil seals of mechanical self-com- 
pensating type, prevent leakage at the 
shaft end and seal against atmospheric 
pressure only. Vanes and rotors are 


heat-treated, hardened and ground. 
Pressure chamber ring is double heat- 
treated, hardened and ground, impart- 
ing a smooth, harmonic action to the 
vanes and preventing gouging and wear. 
In addition to the variable volume con- 
stant pressure fature, which is obtained 
by a single type of hydraulic governor, 
the pumps are also furnished with man- 
wal handwheel for positive control of 
volume. Racine Tool & Machine Co., 
Racine, Wis. 


Sound-Level Meter 
The new Type 759-B Sound-Level 
meter meets the standard specifications 


br sound-level meters as adopted by the 
American Standards Association and 
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various engineering societies. Features 
of the new instrument are accuracy, 
rugged construction, convenience in 
operation, and portability. A two-speed 
indicating meter with selector switch is 
provided. In the “fast” position of the 





switch, the meter speed conforms to 
ASA specifications. In the “slow” posi- 
tion, the meter is heavily damped and 
can be used for measuring the average 
value of rapidly fluctuating sounds. 
New types of vacuum tubes and bat- 
teries give reliable operation and long 
life. General Radio Co., 30 State St., 
Cambridge, Mass. 


Capacitor Motors 


Permanent split capacitor motors 
have an aluminum case, and can be ven- 
tilated or partially or totally inclosed. 
The motor shaft carries a large cooling 
fan. Windings are for capacitor start 
and run operation. The motor has no 
starting switch and operates at excep- 
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tionally high efficiency for small hp. 
The motors can be wound to run at 
approximately 1,100, 1,650 or 3,300 
r.p.m. and for single phase a.c. of 25, 50 
or 60 cycles. They are built for flange 


mounting, horizontal or vertical, with 
shaft extension up or down. Vertical 
motors have porous bearings and hori- 
zontal motors have bronze bearings 
with wool wick oil reservoirs. The 
capacitor can be mounted on the motor 
as shown or at any nearby location. Ohio 
Electric Mfg. Co., 5911 Maurice Ave., 
Cleveland, Ohio. 


Repeating Cycle Timer 


An extreme range of contact in a 
continuously repeating series of opera- 
tions is provided by the new “Flexo- 
pulse” repeating cycle timer which util- 
izes reversing action without reversal of 
motor. One of the features of the timer’s 
design is that cycle and percentage of 
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contact closure time may be adjusted 
without changing gears or adjusting 
cams. Three distinct models providing 
ranges of 2 to 120 sec., 20 sec. to 20 
min., and 2 to 120 min. are available. 
All models have 534-in. diameter clock 
face dials with time adjustment arms 
for cycle regulation. Eagle Signal 
Corp., Moline, Ill. 


Vibration Isolator 


Designed to 


economically control 


machine vibration and reduce noise. 
Device known as controlled spring iso- 
lator was developed for use on bases 
of equipment where vibration and ex- 
cessive motion create noise and tend to 


Working 


wear out machine parts. 

















parts of the unit consist of a coil spring 
and a rubber load pad, which support 
equipment. An adjustable rubber 
snubber inside the base controls exces- 
sive motion. Isolator is built to take 
care of horizontal and torsional as well 
as vertical vibration. Johns Manville, 


New York City. 
Braided Packing 


Braided packing, known as Lattice- 
Braid packing, has a distinctly new 
braided construction, giving longer serv- 
ice than ordinary square or round 
braided packings. Controlled porosity 
of the packing obtained with lattice- 
braid construction, imparts to the ma- 
terial a semi-automatic action brought 
about by a combination of a mechanical 





pressure which the gland brings to bear 
upon the packing, and the fluid pres- 
sure which is being confined by the 
packing. The structure of the packing, 
regardless of the lubrication treatment, 
is capable of absorbing high pressure 
without breaking down the packing, and 
without setting up excessive interfacial 
pressure, or friction, between the pack- 
ing and at the rod or shaft. Lattice- 
Braid packing, no matter how badly 
worn, will not disintegrate into a series 
of loose strands or separate parts. Flexi- 
bility is improved. Garlock Packing 


Co., Palmyra, N. Y. 


Coolant Pumps 


Especially designed for machines re- 
quiring only a moderate volume of 
coolant, a new line of smaller coolant 
pumps are made in various types and 
capacities. Essential features are: a 
built-in motor, rugged vertical shaft 
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suspended on precision ball bearings, 
double suction intake which provides a 
balanced impeller, and special con- 
structional details which permit simple 
and easy installation on both old and 
new machine tools. They have no pack- 
ing nuts, foot or relief valves and re- 
quire no priming. Their patented 
double intake and balanced thrust im- 
peller is built without metal to metal 
contact. Known as the “Gusher” model 
P-3, the pump can be throttled down 
to trickle. Four standard types of 
mountings are available. The Ruthman 
Machinery Co., Cincinnati, Ohio. 


Foot Valve 


Unique valve design, with an all- 
rubber and collapsible conical poppet, 
is designed to eliminate leakage and re- 
duce “lift” created by the foot valve to 
almost nothing. “Strateflo” foot valves 
































have a one piece cast brass body, and 
a helical wound brass spring wire 
strainer, self-cleaning and indestr;icti- 
ble. There are no springs, practically no 
flow restriction, and no loss of head. 
Tests have shown that the poppet will 
hold tight because of the flexible action 
of the soft rubber lip of the poppet, 
even when held from the seat by grit, 
or when the seat is distorted in shape, 
White Machine Works, Fort Wayne, 
Ind. 


Pulley Bearing 


Vertical tension pulley bearing for 
textile machinery, identified as No, TP. 
13-500, is unique in design in a number 
of respects. The bearing not only pro- 
vides a vertical stub shaft on which the 



















pulley is mounted, but it contains its 
own oil circulating system for speeds of 
3,500 to 15,000 r.p.m. By this system, 
oil is drawn from a reservoir below the 
bearing and is passed in a fine spray or 
mist directly to the balls and races. 
Since the bearing is of the self-sealed 
type with all-metal seals, the oiling sy: 
tem is completely inclosed and vil seed 
be added only at yearly intervals. The 
bearing requires no locknuts, screws or 
other parts, and it may be removed in- 
stantly without tools for reoiling. New 
Departure, Div. General Motors Corp, 
Bristol, Conn. 


Solenoid Valve 


This new valve, for air at pressures 
up to 75 lb. per sq. in., is designed for 
pilot control of single acting, gravity 
spring return, cylinders or diaphragms. 
Valves are tight seating, and are com 
pletely free from a.c. hum. The valve 
requires no continuous operating cur 
rent, being mechanically held in either 
position after momentary energization 
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of the solenoid. A cast aluminum box, 
with sheet metal nameplate cover, in- 
cludes the valve body as an integral 
part and forms a casing for the single 
coil operating movement, control con- 
tacts and terminals. Each seat and disk 
with its spring is contained in a brass 
housing. The seat, which has a -in. 
diameter port, is integral with the hous- 
ing; the disk is of oil-proof composition. 
Delicate control contacts can be used 
with this valve, since the control station 
makes but never breaks the operating 
current, the breaking operation being 
performed by contacts mounted with 
and operated by the solenoid. Automatic 
Switch Co., 41 E. llth St., New York- 
N. Y. 


Hydraulic Selector Valve 


New line of four-way hydraulic se- 
lector valve is designed to obtain the 
ultimate in simplicity, while at the same 
time effecting very substantial space and 
weight saving. The smaller of the new 





Adel valves measures only 3x2%x1 
in, and weighs but slightly over 12 oz. 
Operating handle loads as low as 15 in. 
lb. are obtained while operating under 
1,000 Ib. per sq. in., which means that 
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valves may be actuated with an applied 
force of less than 4 lb. on a 4 in. handle. 
Models are available for capacities in 
excess of 15 gal. per min. and fitted for 
either straight or pipe threads. Adel 
Precision Products Corp., Burbank, 


Calif. 


Area Determinator 


An instrument for the rapid measure- 
ment of the area of any flat object of 
any shape, color or texture that will fit 
into a circle 9.93 in. in diameter, elimi- 
nates tedious, time-consuming and less 
accurate planimeter measurements. It is 





accurate within 3 per cent of the true 
area. Reproducibility, within 0.2 per 
cent. This accuracy is not affected by 
the experience of the operator or the 
nature of the object’s outline. Meas- 
ured area is read directly from a dial. 
The instrument operates directly from 
house current supply. Housing is 
mounted on four wheels having pneu- 
matic tires. Complete details are given 
in bulletin PE-2081. American Instru- 
ment Co., Silver Spring, Md. 


Self-Locking Nut 


The Boots self-locking nut is an 
effective one-piece, all metal nut de- 
signed to withstand the most severe 
vibration. It is essentially two nuts in 
one, with the top section displaced in a 
downward direction so that its upper 
threads are out of lead with respect to 
the load-carrying threads of the lower 
section. The two sections are connected 
by a spring member which is an inte- 


gral part of the nut. Upon insertion of 
a bolt, the spring member allows the top 
section of a nut to be extended to permit 
it to engage properly with the threads 





of the bolt. A force is thus established 
which firmly grips the nut without dam- 
age to the threads of the screw or bolt 
and accommodates all thread variations. 
Available in sizes from No. 8 to 34 in. 
inclusive, in a variety of metais. Scovill 


Mfg. Co., Waterbury, Conn. 


750 Watt Rheostat 


This new unit, filling in between the 
500 and 1,000 watt rheostats, is similar 
to all other Ohmite rheostats. Resis- 
tance wire is accurately wound on a 
solid porcelain core, and perfectly in- 
sulated by Ohmite vitreous enamel 
which separates the individual turns of 
wire and binds the entire assembly rig- 
idly to the core. There is nothing to 
smoke, char, shrink or shift. The rheo- 





stat dissipates heat rapidly and is 
mechanically strong. Shaft and mount- 
ing are insulated from all parts which 
are electrically “live”. Large copper 
graphite contacts are used to combine 
long life and negligible contact resis- 
tance. Model “T” is 10 in. in diameter, 
with 3g in. shaft. Ohmite Mfg. Co., 
4835 Flournoy St., Chicago, Ill. 


Infra-Red Baking Enamel 


New enamels, especially designed to 
work at high speed baking schedules in 
infra-red lamp ovens, allow the finisher 
to take full advantage of the more rapid 
baking and very short warming-up peri- 
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ods afforded by infra-red ovens. With 
infra-red heat, the enamels will bake to 
a very hard durable surface in 15 to 20 
min. and can be handled for assembly 
half an hour later with little danger of 
marring. Raydur enamels are available 
with high gloss, semi-gloss and wrinkle 
finishes. Furnished in black, white and 
most colors. Maas & Waldstein Co., 438 
Riverside Ave., Newark, N. J. 


Welding Nuts 


Nut products, consisting of rectan- 
gular welding nuts, rectangular welding 
bosses and welding brackets give the de- 
sign advantages and economies available 
through the use of electrical resist- 
ance welding machines. Main feature 
of the products is a series of metal- 





lic projections on the side of the nut 
or bracket to be welded. The welding 
brackets, bosses or nuts should be made 
of the same material as the parts to 
which they are welded. Available for 
production in many sizes, and can be 
furnished with holes drilled, reamed or 
tapped to a number of sizes. Ohio Nut 


& Bolt Co.. 600 Front St., Berea, Ohio. 


Pressure Lubricator 


Utilizing compressed air, this lubrica- 
tor consists of a steel shell designed 
to withstand high pressures, inside of 
which is a hollow flexible neoprene 
ball. The shell is equipped with a stand- 
ard grease fitting and a pipe-threaded 
outlet that screws into the standard 
lubrication passage. When grease is 
forced into the lubricator by a pres- 
sure gun attached to the grease fitting, 
it collapses the neoprene ball against 
the pressure of the air inside of it, 
thus compressing the air and storing 
up energy. After the lubricator has 
been filled under high pressure, the 
grease flows through the bearing rap- 
idly with a flushing action until the 
pressure within the lubricator drops to 
where it balances with the resistance 
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Compressed air 


“Grease 
filling nipple 


of the bearing to passage of lubricant. 
When this static condition has been 
reached, further lubricant is forced to 
the bearing only when the bearing is 
in motion. It can be used to replace 
grease fittings or oil cups of various 
types on machinery. Simplex Mfg. 
Co., 1504 Broadway, Detroit, Mich. 


Drafting Table 


Hamilton Streameline table has a 
base made of tubular steel, welded to 
insure rigidity and finished in satin 
chrome. The drawing surfaces are made 
of selected California sugar pine, 
claimed to be the finest material for 
drawing boards known. Steel bracing 
is finished in black wrinkle finish. A 
wide foot rest runs the entire width 
of the table. Legs of the table are 
equipped with hard rubber shoes to 
prevent damage to floors. Drawing 





board can be instantly set at any angle 
from horizontal to full vertical. A posi- 
tive release mechanism at the left hand 
side of the board locks the board at 
any angle. Height of the board is ad- 
justable from 33% in. to 42 in. This 
adjustment is controlled by four hand 
wheels, one in each of the tubular 
steel legs. Where frequent height 
changes are necessary, an auxiliary 
gear-raising device operated by a crank 
is available. Hamilton Mfg. Co., Two 
Rivers, Wis. 














Speed-Variator Equipment 

Complete speed-variator equipment 
operating from an a.c. source of sup- 
ply provides wide ranges of adjustable 
speed by means of the well-known gen- 
erator-voltage-control scheme. Each 
equipment consists of an adjustable- 











speed d.c. motor, and an adjustable volt- 
age motor-generator set with control 
shown in the illustration, and a sepa- 
rately mounted generator-field rheostat. 
Standard speed ranges are available up 
to 16:1 ratio. The adjustable-speed mo- 
tor can be mounted directly on the 
driven machine, with speed-changing 
control mounted nearby. Speed control 
is obtained in small increments over 
wide ranges. Units are designed to oper- 
ate from 3-phase, 60-cycle, 220-, 440- 
and 550-volt a.c. power. General Elec- 
tric Co., Schenectady, N. Y. 


Solder-Solderless 


Connectors 


New connector may be used either as 
a solderless connector or as a solder 
lug. Each connector covers a wide 
range of wire sizes which may be re- 
quired for the device with which it is 
used, and has only two parts—a cast 
lug and a special set screw. The inside 
of the lug is shaped to obtain maximum 
holding power and all the wire sizes 





within the limits of the lug. These lugs 
are designed to hold solder and to func- 
tion as solder lugs if desired. Passed by 
the latest Underwriters’ Laboratories 
Tests for Solderless Connectors for 
wire sizes from No. 10 to 1,000,000 cire. 
mils. Square D Co., Detroit, Mich. 
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Manufacturers’ Publications 





Materials 


Brass AND Copper—Revere Copper & 
Brass, Inc., 230 Park Ave., New York, 
N. Y. Weights and data book, 172 pages, 
8żxll in. Contains practical and complete 
recalculated tables of weights and data on 
copper, brass, and bronze products. 


LAMINATED PLAstTIcs—The Formica In- 
sulation Co., Cincinnati, Ohio. Formica 
Data Book, 28 pages, 84 x 11 in. Tells 
the how, where and why of uses for 
Formica, a laminated plastic product ap- 
plied as insulation in electrical devices, 
as mechanical parts and for chemically 
resistant parts. Tables of properties are 
included. 


MECHANICAL RusBeR—B. F. Goodrich 
Co., Akron, Ohio. Bulletin 40-8581-GM, 
24 pages, 83x11 in. This condensed cata- 
log gives engineering data and is a guide 
to the selection of various mechanical rub- 
ber products. Rubber belts, conveyor belt- 
ing, hose and hose fittings are all included. 


NickEL AtLtoys—The _ International 
Nickel Co., 67 Wall St., New York City. 
16-page pocket size edition, “Seven Min- 
utes with Metals”, includes material on 
nickel, monel, inconel and associated al- 
loys in both mill and clad forms. 3 pages 
devoted to detailed tables on mechanical, 
chemical and physical characteristics. 


STAINLESS STEEL—Republic Steel Corp., 
Republic Bldg., Cleveland, Ohio. Four 
booklets: Form ADV 361, 28 pages, 84x11 
in.; Form ADV 362, 24 pages, 83x11 in.; 
ADV 363, 24 pages, 84x11 in.; and Form 
ADV 364, 16 pages, 84x11 in. List prop- 
erties, give fabrication details, and show 
application of Enduro stainless steel. 


SteeEL—Joseph T. Ryerson & Son, Inc., 
16th and Rockwell Sts., Chicago, Ill. Cata- 
log 1940, 256 pages, 43x84 in. Gives di- 
mensional data, weights and prices of all 
types of structural, sheets, tubes, bolts, 
etc. Indexed for convenience. 


Mechanical Parts 


Beartncs—Ahlberg Bearing Co., 3062 
W. 47th St., Chicago, Ill. Catalog 440, 96 
pages, 83x11. Contains dimensional data 
on all types of ball bearings, tapered roller 
bearings, straight roller bearings, thrust 
bearings, and ball bearing pillow blocks. 


Etastic Stop Nut—Elastic Stop Nut 
Corporation, 2332 Vauxhaul Road, Union, 
N. J. Bulletin L40-10, 4 pages, 84x11 in. 
Concise explanation of construction and 
self-locking action of elastic stop nut and 
a graphic listing of the advantages to be 
obtained through their use. 
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LimitorQuE Controt — Philadelphia 
Gear Works, Philadelphia, Pa. Bulletin 
1, 66 pages, 83x11 in. Illustrates and gives 
full information on controls for operat- 
ing valves from 3 in. to 96 in. in diam- 
eter. 


LuBRIcATOR AND Firter—C. A. Norgren 
Co., Denver, Colo. Catalog 300, 20 pages, 
83xll in. Describes Norgren automatic 
sight feed airline lubricator. 


OILERS—Gits Brothers Mfg. Co., 1846-62 
S. Kilbourn Ave., Chicago, Ill. Bulletin 
10, eight pages, 84x1l in. Sets forth fea- 
tures, with illustrations and prices, of the 
Gits sight gravity and wick feed oilers. 


Packinc—Belmont Packing & Rubber 
Co., 3636 Sepviva St., Philadelphia, Pa. 
Every page of this catalog contains a com- 
plete visual and written record of the 
packing described, concisely detailed so as 
to instantly supply full information about 
any given packing. 


Rotary Pumps—George D. Roper Corp., 
Rockford, Ill. Catalog 939, 124 pages, 
82x11 in. Sets forth features of the new 
Roper pump line, and contains a generous 
amount of engineering data helpful to be- 
ginner and experienced alike. 


SpeeD Repucers—D. O. James Mfg. Co., 
1114 W. Monroe St., Chicago, Ill. Catalog 
18, 40 pages, 83xll in. Contains many 
pages of selection tables, classified by ser- 
vice and character of load, facilitating 
choice of motorized worm gear reducer. 


SpeeD Repucers—Winfield H. Smith, 
Inc., Springville, Erie Co., N. Y. Catalog 
140, 36 pages, 83x11 in. Illustrates and 
gives specifications for complete line of 
speed reducers. An index is included to 
help in the selection of the proper unit. 


VARIABLE SPEED TRANSMISSIONS—Lenney 
Machine & Mfg. Co., Warren, Ohio. Cata- 
log, 12 pages, 84x11 in. Sets forth salient 
features, with complete engineering in- 
formation, of the new Lenney variable 
speed transmission. 


VIBRATION CoNnTROL—The Felters Co., 
Inc., 210 South St., Boston, Mass. “Uni- 
sorb In the Industrial Plant”, 24 pages, 
6x9 in. Explains in detail the types of 
installations made with Unisorb felt classi- 
fied by type of industry. 


VIBRATION IsoLATORS—Korfund Co., Inc., 
Long Island City, N. Y. Bulletin BA-22, 
4 pages, 84x11 in. Describes installation 
without a concrete foundation of a 150- 
hp., 4cylinder diesel generator, mounted 
on Korfund steel spring Vibro-Isolators 
and the new Korfund Vibro-Stabilizers. 


Electrical Parts 


Connectors—Burndy Engineering Co. 
Inc., 459 E. 133rd St., New York, N. Y. 
“Electrical Connector Guide”, 16 pages, 
5x7 in. A handy method for making a 
survey of electrical connections. Includes 
a guide chart for the proper selection. 


Connectors—Sheldon Service Corp., 
Long Island City, N. Y. Bulletin, 6 pages, 
84x11 in. Illustrates and describes the 
Sheldon Splitbolt connectors which incor- 
porate a new principle for permanently 
holding two wires together with a high 
gripping pressure. 


Heatinc Units—General Electric Co., 
Schenectady, N. Y. Three bulletins on 
electric resistance heating units: Bulletin 
GEA-1157C, 4 pages, 8x10} in., strip heat- 
ers: Bulletin GEA-104B, 2 pages, 8x103 
in., cartridge-type heating unit: and Bul- 
letin GEA-2618A, 4 pages, Fin Calrod heat- 
ing units for forced convection air heat- 


ing. 


Mortors—General Electric Co., Schenec- 
tady, N. Y. Bulletin GEA-3307, 4 pages, 
8x104 in. Self-starting, synchronous in- 
ductor motors for electrical instruments, 
small regulating devices, and applications 
where low speed torque is required. 


Resistors—Sprague Products Co., North 
Adams, Mass. Catalog 12, 8 pages, 84x11 
in. Gives salient features of and engineer- 
ing data for complete line of Sprague Kool- 
ohm Resistors. 


Finishes 


ELectropeposit Testinc—E. I. du Pont 
de Nemours & Co., Wilmington, Del. Tech- 
nical Service Bulletin describes the appli- 
cation of the “Hull and Strausser” test of 
electrodeposit thickness to zinc, cadmium, 
tin and copper. 


Fast Bake FinisH—Ault & Wiborg 
Corp., 75 Varick St., New York, N. Y. 
“The Facts on Polymerin”, 32 pages, 44x 
6 in. This manual of information on speed 
finishing applications and methods, de- 
scribes how Polymerin industrial finishes 
are being used in various industries. 


Miscellaneous 


Batancinc Macuines—Gisholt Machine 
Co., Madison, Wis. 32-page 8èxll in. 
booklet. Describing the Gisholt line of 
static and dynamic balancing machines for 
locating and measuring unbalance in rotat- 
ing parts, including detailed explanation 
of the effects of unbalance in rotating 
parts with diagrams and descriptions of 
the underlying principles of the machine. 


DraftiNG AncLE—Edwin Z. Lesh, East 
Hartford, Conn. Leaflet describes the im- 
proved Lesh angle which can be adjusted 
to any required angle. 
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Books and Bulletins 





Engineers and Engineering in 
the Renaissance 


William Barclay Parsons—661 pages, 
67x10 in. 211 illustrations. Published 
by Williams and Wilkins Company, 
Mt. Royal and Guildford Aves., Balti- 
more, Md. Price $8. 


The result of many years’ patient 
research, this volume presents a history 
of engineering achievement remarkable 
for its completeness and authenticity. 
General Parsons, widely known engi- 
neer and scholar, spent much of his 
life collecting and sorting the material 
in this book, which was unfinished at 
the time of his death in 1932. How- 
ever, nothing has been added or 
changed, and because of this, the book 
is published as a collection of papers 
rather than as a continuous narrative. 

Engineers will be much interested in 
the curious mechanical contrivances 
illustrated and discussed in Part Il 
of the book which covers the invention 
and application of machines. General 
Parsons devotes 75 pages to an inter- 
esting appraisal of the valuable engi- 
neering contributions of the great Flor- 
entine, Leonardo da Vinci. Many of 
his structural and military drawings 
are reproduced. 


Plastics in Engineering 


J. DetmMontE—608 pages, indexed 
and illustrated. 6x9%4 in. Blue cloth- 
board covers. Published by Penton Pub- 
lishing Company, Cleveland, Ohio. Price 


$7.50. 


Mr. Delmonte, widely known in the 
plastics field, presents in this volume 
a comprehensive analysis of plastic ma- 
terials for the designing engineer. Ac- 
cordingly only a brief review of the his- 
tory and chemistry of plastics is at- 
tempted, the main emphasis being 
placed on properties, molding and mold 
design, and on engineering applica- 
tions of organic plastics. 

The book discusses numerous appli- 
cations of plastics to machine design 
problems, all data being tabulated and 
referenced for convenience. So- that 
the designer may have a full under- 
standing of potentialities and limita- 
tions of these materials, advantages and 
disadvantages of the various types are 
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fully discussed in terms of definite en- 
gineering problems. In addition, a sep- 
arate chapter is devoted to discussing 
limitations of the more common plas- 
tic materials, and the reasons for these 
service failures pointed out. Other 
chapters discuss hot and cold molding 
mold design, mold construction, and 
non-metallic bearings, gears and cams. 
Surface coatings, synthetic rubbers and 
rubber-like resins, test methods and 
data on comparative costs are also cov- 
ered in separate chapters. 


The Physical Examination of 
Metals 


Bruce CHALMERS—V olume I, Optical 
Methods. 180 page, 5/2 x 842 in. Blue 
clothboard covers. Published by Long- 
mans, Green & Co., New York. Price 
$5. 


The object of this book is to explain 
the physical theory and applications of 
optical methods of investigating proper- 
ties of metals. These properties have 
been virtually unknown to metallurgists 
who have not had special training in 
physics. The author explains in simple 
language the latest applications of in- 
terferometers and polarized light to 
metallurgical work. Six chapters deal 
with geometric optics; wave optics— 
interference; wave optics—diffraction; 
polarized light and finally sources of 
light. Complete references are fur- 
nished throughout the text. 


Machine Design 
Drawing Room Problems 


C. D. ALBERT—441 pages, 6x9 in. 
Blue clothboard covers. Third edition, 
revised. Published by John Wiley & 
Sons, Inc., New York City, $3.50. 


Complete comprehensive problems 
presented in the first half of this book 
offer material for a drawing room 
course in general machine design. 
Thirteen design problems are given in 
as many chapters arranged in accord- 
ance with their length and the time 
necessary for solution. 

Value of this book lies in the last 
nine chapters which are a reference to 
sound information on engineering ma- 
terials, allowable stresses, straight and 
helical spur gears, worm gearing, 


graphics, tolerances and allowances for 
metal fits, bearings, screw threads, 
screw fastenings and miscellaneous in- 
formation in tabular form. 


o o e 
Index to A.S.T.M. Standards 


1940 Edition, 152 pages, 6x9 in. Pub- 
lished by American Society for Testing 
Materials, 260 S. Broad St., Philadelphia. 


The Index is of service to anyone wish- 
ing to ascertain whether the Society has 
issued standard specifications, test meth- 
ods, or definitions covering a particular 
engineering material or subject and it is 
of help in locating the standards in the 
volumes where they appear. 

All items are listed in the Index under 
appropriate key-words according to the 
particular subjects they cover. As a con- 
venience a list is given of the specifica- 
tions and tests in numerical sequence of 
their serial designations. 


Hydraulic and Pneumatic Leather 
Packing Design and Applications 


Booklet, 50 pages, 8Łx10ł in. Published 
by Chicago Belting Company, Green and 
Washington Streets, Chicago, Ill. 


Discusses the types, design and applica- 
tions for leather packings with dimen- 
sional sketches showing various construc- 
tions of stuffing boxes; glands; piston, 
spindle and ram heads; methods of seal- 
ing piston rod and plate joints; heel cor- 
ner radius and lip bevels; use of spacers 
and spring expanders; surface speeds at 
various pressures; temperature limits; 
choice of packing style; and packing 
specifications. One page is devoted to 18 
“don'ts” for hydraulic and pneumatic 
packings. 


Artificial Light and Its Application 


296 pages, 84x11 in. Spiral binding. 
Published by Westinghouse Lamp Div. 
Westinghouse Electric & Mfg. Co., 10 
Broadway, New York, N. Y. Price $1.25. 


Covering every phase of the lighting 
field, this up-to-date source book is pre- 
sented in terms interesting alike to light- 
ing engineers, students and laymen. The 
book can be used by engineers as a handy 
reference manual for all types of light- 
ing problems. Over 400 photographs, 
sketches, line drawings, pictorial tables 
and graphs are used to illustrate recent 
developments in fluorescent, electrical dis 
charge and incandescent lamps. 

Beginning with chapters covering the 
history and general considerations of 
light, the book describes in a clear and 
comprehensive way the methods for light- 
ing all types of buildings and work-areas, 
and includes such subjects as floodlighting, 
sports lighting, electrical advertising, get 
micidal radiation, and photographic lamps. 
Each chapter gives a complete discussion 
of its subjects, and can be purchased in- 
dividually at 7 cents each. 
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BRASS BUSHING STANDARDS 


A. C. RASMUSSEN 
Chief Engineer, Insley Manufacturing Company 


THIS TABLE gives dimensions and bushing details except where in-between shafts are generally rolled a few thou- 
tolerance limits for brass bushings, both sizes are absolutely necessary, in which sandths of an inch over their nominal 
before and after burnishing, and for the case tolerances for the next larger size, the amount of oversize should be 
ground and hardened shaft and the standard bushing should be used. If added to the diameter of the burnished 
housing bore. It can be used for all cold-rolled shafting is used, since these hole to obtain the proper clearance. 
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FACTORS FOR KEYWAY DIMENSIONS 


A. C. RASMUSSEN 


Chief Engineer, Insley Manufacturing Company 
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THE FACTORS given in this table meae -W urement, S.M., should be held to about 


make it possible to determine keyseat A —0.002 in. tolerance. 
dimensions for square keys of width + All keys are set into the hub to a 


W and Woodruff keys of width W and depth of 12W along the side of the key, 
depth C with fewer computations. Using For square keys, 
the nomenclature given on the diagram, H.M. = D+sW 
where D, W, and the ratio D/W are 

; pee a 7 
known, the ratio A/W is found in the S.M. = H.M.—W 
table. From this the dimension A can For Woodruff keys, 

H.M. = D+sW 


be computed. In practice, the hub meas- 
by about 0.005 in. and the shaft meas- ER A S.M. = H.M.—C 
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GEORGE F. NORDENHOLT, Editor 





Wartime Specifications 


ARMY AND Navy specifications are not only stringent, but 
often they demand a quality higher than is commercially 
available, or they require special features that make the 
product or material non-standard. This has been the 
reason for much caustic criticism and ridiculing of Army 
and Navy specifications and undoubtedly increases the 
time required to fill orders. 

The War Department, the Army, and the Navy, are 
fully justified in making specifications stringent; it is 
their duty to demand better than commercial perform- 
ance. When a new battleship, gun, tank, airplane or 
other machine of war is being designed, the engineers 
should specify everything to be the best obtainable, even 
a little better than the best commercial product. That 
is the way in which industry and science are compelled 
ever to improve the equipment for defense. Regardless 
of justifiable specific criticisms, the method has proved 
to be highly effective as evidenced by the results achieved. 
The superiority of our pursuit planes is one example. 

But all this applies primarily to small sample orders 
such as a new pursuit ship faster than any previously 
built. It applies to the normal peacetime development 
of new and better equipment. But when the nation faces 
an emergency, when the immediate pressing problem is to 
build an Army and Navy second to none, and to do it as 
quickly as possible, the whole underlying philosophy 
governing specifications should be changed to meet the 
conditions. 

No sane person would ever suggest that the Army and 
the Navy should let down their specifications to permit 
the acceptance of shoddy work, defective material or 
inferior equipment. But a great deal could be accom- 


plished toward speeding the defense program by making 


the specifications in the light of commercial standards 
and, wherever possible, making specifications the same 
for both the Army and the Navy. 

Admittedly, it will be a difficult task to make the speci- 
fications to meet production requirements rather than 
development aims. Development must not be allowed to 
stop, but it should be handled by a separate division or 
department. It will perhaps be hard to get the Army 
and the Navy to agree on specifications—tradition, dif- 
ferences in viewpoints, prejudice, and plain stubbornness 
are often hard to overcome. But with the proper agency 
empowered with the necessary authority and cooperating 
with industry through the medium of engineering socie- 
ties, much has been done and more could be done. 

As brought out at the spring meeting of the Society of 
Automotive Engineers, that organization is giving co- 
operative assistance to the Army in the development of 
truck, tank and other automotive specifications. The 
various committees of the American Society for Testing 
Materials are logical media for passing on materials 
specifications. Some A.S.T.M. committees have given 
invaluable cooperation in establishing such specifica- 
tions. The American Chemical Society, the American 
Institute of Civil Engineers, the American Institute of 
Electrical Engineers, the American Society of Mechanical 
Engineers, and the American Welding Society are a 
few more of the outstanding organizations that could 
contribute greatly to speeding the defense program by 
cooperating in the modifying of specifications from a 
peacetime development basis to a wartime production 
basis. The National Defense Commission and the vari- 
ous government departments should not hesitate to call 


upon these engineering societies for unstinted assistance. 
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HIGH-SPEED PHOTOGRAPHY 
Applied to the Study of Machine Performance 


E. M. WATSON 


Electrical Engineer, General Electric Company 


E. M. Watson, the author, taking a high-speed moving picture in one of the G.E. laboratories 


LEARANCES, backlash and de- 
C flections caused by loads, inertia 

and centrifugal forces usually 
cause the movement of a machine run- 
ning at full speed to differ materially 
from the relative positions of the va- 
rious elements of the machine when 
standing still or when turning over at 
slow speeds. It is for this reason that 
much important design data can often 
be obtained by means of “frozen-mo- 
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tion” studies. Although the many amaz- 
ing “frozen-motion” pictures, such as 
that of Bobby Jones swinging a golf 
club, have evoked much comment, and 
although the principle of “frozen mo- 
tion,” and slow-motion pictures has been 
used by some designers to study their 
machines, it seems that the great de- 
sign possibilities afforded by such 
studies are not widely appreciated. 
Perhaps the main reason more use 


is not made of the stroboscope, high- 
speed movies, and single and multiple- 
flash photographs, is because of the all 
too general impression that such studies 
are applicable only to complicated high 
speed machinery. That this is not true 
has been proved by the many valuable 
studies made upon such relatively sim- 
ple and slow-moving machines as punch 
presses, milling machines and hydraulic 
presses. High-speed movies of punch 
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press operations at plants of the General 
Electric Company have revealed erratic 
press operations caused by excessive 
deflections and clearances, and have 
made possible the correction of the 
faults, with the result that both the 
quantity and quality of the press pro- 
duction were increased. 

Operating faults and design deficien- 
cies that can be revealed by the strobo- 
scope, flash pictures, or high-speed 
movies include the following: (1) cam 
and follower not in constant contact; 
(2) excessive clearances; (3) surging 
in springs; (4) two connected elements 
“out of step” because of excessive de- 
flections; (5) excessive deflections caus- 
ing interference between moving mem- 
bers; (6) inertia causing impact and 
noise; (7) improper timing as in valve 
actions; (8) excessive stresses as evi- 
denced by excessive deflections; (9) 
erratic operations. 

Of the several methods for investigat- 
ing the functioning of a machine, the 
stroboscope is the simplest and quickest 
and involves the least expenditure. Prac- 
tically the only cost is the initial cost of 
the equipment and the time required to 
do the investigating. The movements 
of the running machine can be seen 
“slowed down” or stopped, as desired. 

Any investigation wherein the prin- 
cipal objective is simply to observe the 


motions of the various machine ele- 
ments can best be made by the strobo- 
scope, provided the speed of the moving 
element is more than 12 cycles per 
second, or 720 cycles per minute, and 
the motion is repetitive. At slower 
speeds the stroboscope becomes some- 
what less satisfactory, because the per- 
sistence of vision of the human eye is 
about 1/10 of a second. Hence, if the 


time between flashes is longer than this, 
the image will have vanished from the 
retina of the eye before the next flash 





Picture of the arc formed when a switch 
is opened. The flash of the arc furnishes 
all the light for taking the picture 


occurs and distracting flicker will result. 

Using powerful light sources strobo- 
scopically controlled, Dr. H. E. Edger- 
ton, of the Massachusetts Institute of 
Technology, and his associates, have 
made successful single flash, multiple- 
flash and high-speed motion pictures by 
stroboscopic light. Considerable skill 
is required to take such pictures. Single 
flash pictures show the subject in only 
one position. The outstanding advan- 
tage of the multiple-flash picture, which 
consists of images from successive 
flashes imposed on the same negative, 
is that the picture itself is a time-dis- 
tance graph of the motion. Knowing 
the frequency of the flashes, the elapsed 
time between successive images is 
known. When the images on a single 
negative overlap, or are otherwise in 
interference, one should resort to the 
use of motion pictures. 

For high-speed movies the full equip- 
ment costs more than the apparatus 
needed for taking pictures on a single 
negative. Great care must be exercised 
in taking the pictures; the cost of the 
investigation will be high if unneces- 
sary views or the wrong views are taken. 
This is due mainly to the cost of the 
photographic film which for one sec- 
ond’s run is of the order of 25 ft. for 
16 mm and 60 ft. for 35 mm film. Often 
it is impossible to tell if the desired ac- 





Textile spindles in action “stopped” by the flash of light from a condenser discharge 
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tion has been recorded on the film in 
an intelligible manner, and when there 
is doubt of this the film should be de- 
veloped and examined before continuing 
the test. This is to allow any errors to 
be corrected in the subsequent pro- 
cedure. 

In taking a high-speed moving pic- 
ture, enough views should be obtained 
so that when the film is projected at 
normal speed, the motion can be seen 
plainly. Sometimes this can be accom- 
plished with an ordinary motion picture 
camera in which the film is advanced 
intermittently. In some instances these 
cameras can be run as fast as eight 
times normal speed. For higher speeds 
it is necessary to employ a camera in 
which the film moves continuously and 
the image is either moved optically with 
the film or is allowed to remain on it 
by means of stroboscopic light for so 
short a time that there is no appreciable 
smearing due to its motion. Speeds of 
several thousand frames per second 
have been obtained with cameras of 
either of the latter types. It has been 
found from experience that a speed of 
about 1,000 frames per sec. is adequate 
for photographing the actions-of most 
machines. At this speed the film, which 
requires only one second to pass 
through the camera, requires one min- 
ute to view when projected at normal 
speed. 

Our experience in high-speed photog- 
raphy has been mostly with the East- 
man Kodak, type II, high-speed camera, 
which employs a revolving plane— 
parallel glass plate for moving the 
image with the film. This camera uses 
16 mm film, and when operated at a 
speed of 1,000 frames per sec., a 100-ft. 
spool will be exposed in four seconds. 
The right-hand eighth of each frame 
area on the negative is used for taking 
the pictures of the two timing dials of 
a clock which is an integral part of the 
moving picture machine. When the 
film is projected these dials are shown 
on the screen with the picture of the 
subject. The lower dial moves past 
the stationary reference line at one revo- 
lution per minute, and the numbers indi- 
cate seconds. The upper dial moves at 
one revolution per second, and the num- 
bers indicate hundredths of seconds. 
The small divisions on this scale permit 
thousandths to be interpolated. 

The accompanying illustrations show 
typical high-speed views. Pictures of 
this kind, to study the motions of ma- 
chinery, correspond to pictures taken 
at lower speeds to study the motions 
of operators. In each case, the goal is 
to determine just what takes place in 
order that efficiency may be increased. 

There are some types of machines 
which do not permit study by high- 
speed photography. Devices which have 
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Free movement of ram 
Pause for taking up slack 
Ram pushing push-up down 


Building up energy to cut 


Cutting 


Breaking through 
Bottom of cycle 
Beginning of rise 

Pause -no known reason 
Ram lifting with aid of push-back 
Pause due to maximum lift of push-back. 
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Eight frames numbered to indicate their relative positions in the high-speed movie strip. 
They show the erratic behavior during the downward movement of ram. Frame 15 shows 
ram higher than in frame 10, indicating that impact occurred to cause ram to rebound. 


positive motion and in which the pos- 
sible variations resulting from increased 
forces at higher speeds can amount to 
only a few thousandths of an inch, usu- 
ally cannot be successfully studied in 
this way. If the working parts photo- 
graphed cover an area between two 
inches and a foot in diameter, the sharp- 
ness of the image on the film is not 
sufficient to make it possible to meas- 
ure movements of a few thousandths of 
an inch on the actual device. 

Use can be made of high-speed pho- 
tography for small dimensions, how- 
ever, when the field of view can be 
limited to ¥% to %4 of an inch, in which 
case deflection measurements to within 
a few thousandths of an inch can be 
made with a fair degree of accuracy. 
Difficulty will be experienced here be- 
cause the action to be considered can 
seldom be localized to such a small 
area. Some difficulty will also be en- 
countered with lack of depth of focus 
when so small an area is considered. 
This method of analysis works out quite 
well when there is an opportunity for 
fairly large motions of the parts and, 
in particular, where the undesired por- 
tions of the motions amount to more 
than 1/100 of the diameter of the pic- 
ture field, regardless of its size. 

Examination of film taken of a ma- 
chine moving at low speed and then at 





gradually higher speeds will reveal the 
speed at which undesired motions orig- 
inate. This knowledge will be an aid 
to telling about how difficult it will be 
to correct the fault. Pictures taken at 
machine speeds higher than regular 
may reveal within a few cycles erratic 
operations which, at normal speed, hap- 
pen only occasionally. But when they 
do take place, the machine may be put 
out of operation temporarily, as by jam- 
ming. Because the taking time is short 
for a large amount of film when pho- 
tographing at high speeds, there is 
little chance of detecting errors which 
happen infrequently. When a clue is 
found, progress in obtaining the de- 
sired result can sometimes be made by 
redesigning the machine or even by 
merely making minor changes, while at 
other times the invention of a new 
device or a new method of operation 
may be necessary. When changes are 
made in a machine it is desirable to 
check the performance again by high- 
speed photography to see if the changes 
made are satisfactory or if further im- 
provements are necessary. 

In many machines a time-displace- 
ment curve of one or more of the princi- 
pal moving parts will reveal whatever 
erratic behavior there may be. Sucha 
curve can easily be made from high 
speed moving pictures. A scale may be 
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Frames 30, 35 and 40 show that the punch stcod still from 3 sec. plus 0.410 sec. in frame 
30 to 3 sec. plus 0.419 sec. in frame 40, a period of 0.009 sec. The punch has already 
started upward in frame 95 and in frame 120 it is shown clear of die 


placed alongside or in front of the 
moving element in such a manner that 
the element, the scale, and the time 
clock are photographed simultaneously. 
Another way is to put a dimension on a 
part that can be identified on the film. 
The time displacement curve is then 
plotted from the resulting pictures. It 
is then a simple matter to construct the 
velocity and acceleration curves. If the 
mass of the moving part or its inertia is 
known the accelerating forces can read- 
ily be calculated. 

With further regard to the punch 
press, curves plotted from its opera- 
tion show that the punching cycle may 
be divided into a number of operations, 
each of which has its own characteristic 
motions, most important of which are 
those taking place at the time of cut- 
ting. When the punch, die and stock 
all come into contact there is a delay 
of the punch action until sufficient pres- 
sure is developed to cause it to be 
pushed through the metal. The dura- 
tion of this delay depends on many 
things, such as dimensions and condi- 
tion of the punch and die, deflection 
of the press under load, and working 
characteristics of the stock. 

By way of application, there are some 
st-ups in which manufacturing is be- 
mg done where it is desired to know 

manner in which different parts of a 
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machine are functioning. In most cases 
it is not possible to get a picture of the 
punch and die in action because they 
are inaccessible at the time the cutting 
takes place. When they were designed 
no thought was given to taking a picture 
of them, and to have included facilities 
for a picture might impair them in 
other ways. Usually under these condi- 
tions about the best that can be done 
is to get the motion of the block in 
which the punch or punches are 
mounted. There are other important 
things which can be photographed, 
however, such as the stripper opera- 
tion and the disposal of the punchings. 

Over a period of time it will be found 
that there are some instances where 
high-speed photography is best for the 
purpose, other cases where either high- 
speed photography or another method 
may be used, and still other cases 
where high-speed photography is not 
nearly as good for the purpose as some- 
thing else. The selection of the method 
requires consideration of many things, 
one of which is cost. Occasionally the 
coordination of a number of methods of 
measurement is desired. This requires 
some kind of a commutator which will 
start the camera, oscillograph and also 
the test, if necessary, at the proper 
time. Many different conditions may 
be recorded on the oscillograph, such as 


voltage, current, travel of parts, intens- 
ity of light, ete. A travel indicator 
similar to a rheostat would be used for 
large motions, and a strain gage would 
be used for small motions. In order to 
have a common starting point on both 
the motion picture film and the oscillo- 
gram, the clock dials may be started 
after the camera is under way. 

Originally, the high-speed equipment 
was designed to allow the clock dials 
to be set at zero and started by some 
contactor remote from the camera. In 
photographing a race, this would per- 
mit the use of a starter’s pistol with a 
contact on it which would be closed 
when the gun was fired. The dials 
would start when the race began, thus 
recording on the picture with the run- 
ners the time elapsed from the begin- 
ning of the race. 

In the set-up for an industrial ma- 
chine study, the clock dials would be 
started by the commutator after the 
camera was under way, and the starting 
current supplied by a condenser would 
be recorded on the oscillograph, thus 
tieing the two records together with a 
common point of time. In a set-up of 
this kind several trials will be neces- 
sary to make certain everything is prop- 
erly timed. When the data have been 
obtained there is still much work to 
be done, consisting of the examination 
and plotting of what took place, in 
order that it may be properly inter- 
preted. 

By the use of mirrors some things 
otherwise impossible can be accom- 
plished. The front and side view of a 
mechanism can be photographed simul- 
taneously side by side on the same 
frame, thus allowing measurements in 
three dimensions to be made with fair 
accuracy. It is possible to observe 
simultaneously performance at several 
widely separated places. For example, 
two mechanisms which are connected 
by shafts, or other power transmitting 
devices that have enough resilience to 
cause appreciable variations in the 
timing as a function of speed and load, 
can be investigated by this method. It 
is seldom possible to have the optical 
distances of a set-up of this kind the 
same, therefore, long focus lenses with 
adequate depth of focus should be used. 

High-speed photography for the in- 
vestigation of the operation of a ma- 
chine is still in its infancy. It has been 
used extensively for determining such 
things as the speed of the operation of 
camera shutters, the operation of flash 
bulbs, the action of welding arcs and 
similar things. But the art is still too 
new to have been used extensively for 
mechanical design investigations. It 
unquestionably has great possibilities in 
this field, as has been evidenced by 
results obtained. 
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Modern De esigns 


Precision Tapper for Aircraft Work 


Since rigid Army and Navy specifications require 
high precision in threads, it has been difficult to 


machine tapped holes in aircraft parts on a high 
production basis because of the number of rejects. 
This Bakewell tapper, developed especially for 
high-production precision tapping, is adaptable 
to materials ranging from chrome-molybdenum 


steel to aluminum, zinc and plastics. Machine is 


designed so that the tap is used as a cutting tool 
only; it is fed and retracted by means of a com- 
bination lead screw and hob, meshing with bronze 
fingers attached to the main column. 
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it | 
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Lean 


i 


Table height % 
adjustable N 


Specially designed, two-speed reversing motor 
having high-resistance rotor and extra-large frame construc: 
tion drives the spindle through a five-step cone pulley and 
V-belts. Motor has speeds of 900 and 1,800 r.p.m. the former 
for feed, the latter for retracting; it is capable of 25 reversals 
per minute. Cone pulley is mounted on an oilless bearing 
and is driven through a spring-loaded, cork-faced disk cluteh. 
If the tap becomes dull or jams, the clutch slips and the tap 
is reversed electrically to prevent injury to part or top. An 
aluminum housing protects belt and pulley. 
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Lead serews are precision ground and are machined to Lubricant pump is direct-connected to a 1% hp. motor, 
the same limits used by tap manufacturers. The arms holding which is wired to the 900 r.p.m. circuit so that coolant is 





the threaded fingers are mounted in Timken roller bearings. supplied only while hole is being tapped. Coolant flow stops 
These arms are actuated by a solenoid through a toggle on reversal of spindle, allowing time interval for oil to drain 
movement, engaging the fingers when the spindle is rotated from parts and fixtures. Electrical equipment is mounted 
and disengaging them when the tap leaves the work. on rear of main supporting column in a welded steel housing. 
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mer Pet 
sals 
ring 
tch. Operation. Handwheel feeds tap to positive contact with the lead screw and contacts the upper limit switch. This 
tap work and foot switch closes motor cir- tap is fed to a depth predetermined by stops the motor and de-energizes the 
An t to give 900 r.p.m. The solenoid a limit switch. At this point the circuit solenoid, disconnecting the fingers from 
moves the bronze fingers, hobbed by the for 1,800 r.p.m. reversed speed is ener- the lead screw so that the tap can be 
hob which js part of the lead screw, into gized and the tap withdraws until it manually receded to clear the fixture. 
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MODERN DESIGNS - Rivet Sorting Equipment 










In airplane factories, where ‘i 
rivets are used by the millions, E.. . Boxes |, 2 3 and 4 
it is usually impossible to keep nestle = 
them from dropping on the Ae \ 

floor and being mixed with other 
parts. To salvage the rivets, 
which represent a value of 
about $1.15 per pound, and to 
separate them by hand, costs 
nearly as much as to buy new 
rivets. Glenn L. Martin Com- 
pany has devised machinery 
capable of separating the 150 














different kinds, which is ex- First step is to remove all steel parts means of sifting boxes. The number of l 
pected to save $12,500 of the with an electro-magnet, and then to rivet sizes determine the number of sift. y 
usual $15,500 a year dead loss. separate the rivets according to size by ing boxes which are used as a battery, ‘ 

ł 





_- Spring guide 
: „Catcher 








Round heads are separated from per and placed between conveyor belts. round head type rivets pass underneath 
countersink heads by a machine in The conveyor transports the rivets to a and fall in a chute, while the counter- 
which the rivets are dropped in a hop- catcher which is so designed that the sink type are caught and pass above. 
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View A-A | View A-A 
Round Head Rivet Flat Head Rivet 
( enlarged ) to be Ejected to Clear Ejector Sa 
Separating rivets of same diameter rivets to the rotating table. As the Special ejector, installed over rotat Pan 
and head as to length. A combination table rotates the shaft of the rivets is ing table will throw round or counter mng 
of springs and a guide bar transfer the caught by a throw-out. sink rivets in box, let other types Pp chan 
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Developed by Erie Meter Systems, Incorporated, 
this new gasoline pump is the first in its field to 
take advantage of the “light piping” properties 
of Lucite for dial and figure illumination. This 
method of detouring light into close quarters 
was developed by Erie Meter engineers in co- 
operation with the Erie Resistor Corporation, 
which molds the parts, and duPont plastic tech- 
nicians. With elimination of the usual glass pane, 
it was possible to enlarge the face to 11 by 22 in. 


Chassis of the pump consists of four pressed-steel, channel- 
section columns of 0.125 in. thickness. Cross bridges, also 
pressed steel sections, are mounted in live rubber to absorb 
vibration. Housing is 16-gage, cold rolled sheet, disk sanded 
and Bonderized, finished with two coats of synthetic enamel 
baked on at 250 deg. F. for two hours. 
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Pumping unit is Erie Viking type, belt-driven and run- 


ung at 850 r.p.m. It is inclosed within the air separator 
chamber. Pump is equipped with Veeder-Root counter. 
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Light-Transmitting Plastic [lluminates Dial 





Concealed light source within the pump supplies light 
to rectangular panes of Lucite which edge-light the figures. 
A neon effect is obtained with Lucite outlining the dial. 
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MODERN DESIGNS - Powered by 3-4 Hp. Engine 


Reel drive from the Jacobsen horizontal engine 
in the Lawn Queen mower is through V-belts and 
a combination reel and traction clutch of the 
single-disk type. Clutch is asbestos-lined, ad just. 
able for wear, and is controlled from steering 
handle. Reel is heat-treated crucible steel. 


Engine has only three major moving parts— piston, 
connecting rod and crankshaft, thus servicing and repairs 
are a minimum. Ignition is from a Wico high-tension fly. 
wheel magneto. The flywheel has integrally cast air vanes 
which furnish air-blast cooling. The automatic recoil starter, 
shown at the left, is of the over-running ratchet type. As the 
cable is pulled, ratchet is engaged and spins crankshaft. At 
end of stroke cam on starter bracket disengages ratchet pawl. 


Piston is east iron, and is fitted with three compression Cylinder and half of crankcase are cast integral of close 
rings. Connecting rod bearings are special bearing-metal grained nickel-alloy iron. Crankshaft is drop-forged of alloy 
bronze alloy operating directly on the hardened and ground steel, carburized and ground. Counterweights are integral. 
crankshaft and wristpin. No bearing inserts are used. Engine Two Hyatt Hi-Load roller bearings support crankshaft. 
bore is 2 in., stroke 14% in., rated output 34 hp. at 1750 r.p.m. Leather seals protect the bearings and retain crankcase 
Fuel mixture is 16 parts gasoline to one part SAE 20 oil. compression. Oil bath air-cleaners are standard equipment. 
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Variable-Diameter Pulley for Speed Adjustment 


Designed particularly for grinding, lapping and 
polishing operations, the Schauer variable-speed 
lathe furnishes spindle speeds from 75 to 6,320 
r.p-m. Range of variation is approximately 6.8 
to 1 with single-speed motor, and 14 to 1 with a 
two-speed motor. Lathe is totally inclosed, and 
is equipped with easily-removed motor of stand- 
ard frame size. A thermal switch and overload 
relay are standard equipment. 


Spindle speed is controlled by movement of a convenient 
hand lever to vary the pitch diameter of the Speedmaster 
pulley. Adjustment of belt tension is through a movable 
bushing on the speed control lever. The variable-diameter 
pulley is molded of high-impact black Bakelite. A bronze 
bushing is molded in as an insert; it is lubricated through 
the hollow shaft and self-aligning sleeve. 
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Pocket-Size Device 

Adaptable to Desk. 

Hand-Plier or Tack 
Stapling 


Simplified design with a minimum 
number of parts features the new Bos- 
stitch stapler. Working parts are steel, 
the plastic base is detachable. When 
base is detached, fastener can be held 
in the hand like a pair of pliers to drive 
staples. When the clincher blade is 
swung back, the machine becomes a 
tacker; its two-pointed staples are then 
driven in by applying pressure on the 
knob. The stapler can be locked shut, 
with or without base, for carrying in 
pocket. It is finished in wrinkle-enamel. 
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Spot-welding with a seam-welder. 
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Addition of a 


Timer, built by Weltronic Corporation, has dial controls for 


standard Weltronic timer to an Expert seam-welder provides 
accurate timing control of current and an automatic repeat- 
ing cycle, thus converting the machine to a spot-welder. 
Designed and built by Expert Welding Company, the ma- 
chine makes accurately spaced spots, which can be adjusted 
in spacing to amount desired, irrespective of production rate. 


Water flow switch 
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setting current “on” and “off” time—adjustable in 1-cycle 
steps to from 1 to 30 cycles of current. This permits accurate 
control of length and spacing of spots. Interruptions repeat 
automatically as long as pilot switch, controlled by cam on 
moving die, is in “on” position. Change in conveyor speed is 
compensated for by changing dial setting on timer. 


Random Jottings 
About New 
Developments 


Combination of strength 
with transparency led to the 
selection of Plexiglas for the 
sight glasses in the McCord force 
feed lubricator. Ease of machin- 
ing and resistance to attack by 
oils were also important factors. 


To retard wear, the National 
Telephone Supply Company in- 
stalled a set of Haynes Stellite 
alloy rolls on one of their wire- 
straightening machines. Three 
months after installation so little 
wear was evidenced on the set 
that ten machines were equipped 
with similar alloy rolls. After 
twelve months the rolls showed 


Air valve is tripped by a cam on the 
side of the loaded die which is carried 
under the rolls by a motor-driven con- 
veyor. This valve admits air into the 
pressure cylinders to bring rolls into 
contact with work. A limit switch auto- 
matically starts the timer. After the last 
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spot is completed, the cam on the side 
of the moving die releases the pressure 
switch, cutting out the timer and rais- 
ing the rolls from the work. Same 
length and spacing of spots can be 
obtained irrespective of production rate 
through adjustment of timer setting. 


approximately 0.001 in. wear. 
This service wore out steel rolls 
in 4 months; the Stellite rolls 
have had a useful life of almost 
ten years. 
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RESISTANCE HEATING UNITS 


Their Selection and Application — Part I 


M. M. GREER 


Industrial Sales Manager, Edwin L. Wiegand Company 


APID progress in the develop- 
ment of electric resistance heat- 
ing units during the past quarter 

century has done much to establish 
electricity as a worthy competitor to 
other sources of heat. Electric heating 
units properly selected on a sound 
engineering basis from among the wide 
variety of shapes, sizes, and ratings that 
have been developed to provide safe, 
convenient, reliable, and—more often 
than is generally recognized—economi- 
cal heating, are often the solution to 
the heating problems. There are also 
to be considered the easier and more 
exact heat control and the many simple 
automatic features obtainable only in 
electric heating. 

Any discussion on the selection and 
application of electric heating units 
must necessarily make mention of the 


available types. This article is con- 
fined to the so-called inclosed type of 
electric heating unit with the resistor 
embedded in a refractory material and 
incased in a metal sheath under high 
hydraulic pressure. Such units find 
application in contact heating at temper- 
atures up to 1,000 deg. F., for convec- 
tion heating of liquids and gases, and, 
more recently, in low temperature radi- 
ant heaters—thus including all three 
of the classical methods of transferring 
heat. 

The more common types of heating 
elements have been derived from and 
may be divided into three main types 
or forms. Grouped according to the 
manner in which the resistor is wound, 
we have tubular units, cartridge units, 
and strip heaters. Each of these types 
has definite advantages, each because 


of its peculiar make-up has its physical 
limitations; no one type may be said 
to enjoy a monopoly over any particular 
kind of application. 

Tubular units are of circular cross- 
section with a single resistor coil 
through the center of the unit. Limited 
to a relatively small range of diameters 
from about ys in. to 5% in., these units 
can be furnished in lengths varying 
from a few inches to ten feet or more, 
and can be bent or coiled to special 
shapes. Typical applications find tub- 
ular units used for heating metal blocks 
and platens, as immersion heaters for 
liquids and molten metals and salts up 
to 1,000 deg. F., and occasionally as 
radiant heaters. 

Cartridge units are also of circular 
cross-section, but the resistor is wound 
around a refractory core to locate the 


Fig. 1—Common types of electric resistance heating units 
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1. Tubular unit | 


2. Cartridge unit 


(b) Segment type} Can 





bent 





cannot be bent 


tion can be curved 
in cross-section for 
clamping lengthwise 
for clamping around 
pipes, cylindrical 
containers, etc. Spe- 
cial shapes include 
ring units, segment 
type heaters, flat- 
iron units 


and variations 


(a) Ring units—| Can be formed to 


spherical radius for 
clamping to dished 
bottom of kettle 


disk units 


strip heater spherical radius 


Table I—Common Types of Electric Heating Units 


Fig. 2—Strip heaters clamped lengthwise 
along pipe line. Cross-section of heater 
is formed to fit contour of pipe. Note 
clamping to insure positive contact and 
the air gap between insulator and ele- 
ments—both important features of suc- 
cessful application 
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Approx. S1izE RANGE|TypicaL APPLICATION 


Circular in cross-sec-| ;; to 5% in. dia.| Immersion heaters in 
tion can be coiled or} 4in.tol0ft.ormore| liquids, molten 


metal, and salts up 
to 1,000 deg. F. 
Localized heating 
in die platens, radi- 
ant heaters 


in length 





Circular cross-section} 34 in. to 4 in. dia.,) Localized heating in 


1 in. min. length dies, platens, re- 
in smaller diam- volving rolls. Small 


eters, up to 5 or| appliances—solder- 

6 ft. in larger} ing irons, etc. Im- 

diameters mersion heaters in 
liquids 


3. Strip heaters) Rectangular cross-sec-| }4 in. to y% in. thick,| Clamp-on contact 


% in. to 2% in| heating. Finned for 

wide, 4in. to 15ft.| air heating — nat- 

long ural or forced con- 
vection. Oven heat- 
ing. Immersion 
heaters brazed into 
flange or screw plug 
—single or multiple 
blade—coiled or 
straight 


24 in. to 11 in. dia.| Oven heaters, clamp 


on contact heating. 
Range units, hot 
plates 


be formed to} 9 in. to 18 in. long) Clamp-on heating 


cylindrical contain- 
ers—process 
kettles 





coil near the inner surface of the cylin- 
drical shell. They are available in 
standard sizes, ranging from % in. to 
about 4 in. in diameter, and from 1 in. 
to 4 or 5 ft. in length. Cartridge units 
are primarily rigid and cannot be bent. 

The strip heater, of rectangular cross- 
section with a number of coils located 
in the same plane, forms the basis of 
most industrial applications. Heaters 
of this type can be furnished with their 
cross-section curved for clamping 
lengthwise to pipes, or bent lengthwise 
for clamping around cylindrical vessels. 

The ring unit, which is a special de- 
velopment of the strip heater, is avail- 
able in diameters up to approximately 
12 in., and in the smaller sizes may 
assume the form of a disk. Ring units 
can be furnished flat or formed to a 
spherical radius for clamping to dished 
bottoms of kettles, as can the segment 
type strip heater, another variation of 
the strip heater which takes its name 
from its shape. 

Strip heaters equipped with radiating 
fins are used widely in forced air heat- 
ing applications. Many types of im- 
mersion heaters use strip heaters as 
heating elements. For installing through 


the walls or bottom of a container, the 








strip heaters may be brazed or welded 
into screw plugs or flanges; for instal]. 
ing from the top of an open vessel, leads 
for line connections may be brought out 
of the liquid through risers made of 
pipe. The blades may be straight or 
coiled to specified diameter and sheath, 
Sheath material may be of any of a 
number of metals to withstand corrosive 
action of material being heated. A few 
of the more common types of units are 
illustrated in Fig. 1 and in Table ] 
are further classified. 


Selection of Units 


In Table II we have presented a sug. 
gested step-by-step procedure for the 
selection and installation of heating 
units. Each application presents a 
special problem and it is, of course, not 
possible to include in a single table all 
of the factors affecting the selection of 
units for every conceivable application. 
The degree of difficulty encountered in 
the selection is wide. The demands of 
one application may be met by merely 
opening a catalog and picking out a 
heater; another application may re- 
quire literally months of experimenta 
tion and development before the desired 
results are obtained. We are concerned 
here with neither of these extremes, but 
rather with that much larger number of 
applications where a little thoughtful 
consideration will yield the rich rewards 
of properly applied electric heat. 

In approaching the problem of select- 
ing and applying the proper heating 
unit, an intelligent and complete analy- 
sis of the heating problem will go far 
toward simplifying the task. The mere 
process of writing down these require- 
ments will often yield a better under- 
standing of the problem and serve to 
guide one in his selection. This prelim- 
inary survey should include informa- 
tion on: Size and construction of 
machine, device, or container; space 
available for heaters, a sketch will often 
help; quantity and temperature of 
material to be processed; time require- 
ments for initial heating, for maintain- 
ing temperature; occasional, intermit- 
tent,,or continuous service; localized or 
uniform heating; importance of depend- 
ability, close temperature control, and 
similar factors; special details such as 
velocity of fluids, circulating systems, 
available voltage supply, and similar 
factors. 

Once the problem has been well 
defined, the next step is to determine 
the required heater capacity. It will 
often be found that accurate calcula- 
tions cannot be made and that it will 
be necessary to base the estimate on 
experience or experimental results. 
Usually, however, a sufficiently close 
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Fig. 3—Processing tank—view from below before insulating jacket has been placed. 
Heat is provided by segment type strip units rigidly clamped to bottom of tank 


approximation can be obtained by bas- 
ing calculations on two considerations: 


1. The amount of heat necessary to 
bring the material—including the con- 
tainer, work, and associated parts—to 
the desired temperature within the re- 
quired time. 

2. The amount of heat necessary to 
maintain that temperature, that is, to 
supply the heat lost by radiation and 
that absorbed by the material being 
processed. 

In most instances where heating is 
intermittent or occasional, it will be 
found that the initial heating capacity 
will be the determining factor; although 
for a long, continuous process the initial 
heating time is usually relatively unim- 
portant and installations can be made 
on the basis of the amount of heat neces- 
sary for maintaining the working temp- 
erature. In other applications, air heat- 
mg in ovens and rooms, for example, 
both factors are important. It is well 
to give proper consideration to both 
factors if there is a possibility that a 
border-line case may exist. 

The most suitable type or form of 
heating unit is usually readily apparent, 
when the physical limitations of the 
application and those of the available 
heating units are considered. To cite 
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a few examples, immersion heaters are 
usually employed for heating liquids; 
for air heating in rooms or ovens, strip 
heaters or some variation may be used; 
«for electric flat irons, a special shaped 
unit is required. 

Heat distribution is often an import- 
ant factor. For localized heating in a 
device such as a soldering iron, a unit 
with a relatively small surface should 
be tightly clamped to the device to in- 
sure efficient transfer of heat to the 
region where concentration is desired. 
On the other hand, to provide the uni- 
form temperature necessary for a large 


platen for vulcanizing rubber, the total 


surface area of the units must be larger 
and the units must be so located that 
heat is distributed at uniform temper- 
ature over the entire surface. 

A further complication may arise 
out of the manner in which the units 
are to be installed. For example, if 
the choice of heating units for a platen 
lies between strip heaters and cartridge 
units, it may be found that although a 
larger number of cartridge units would 
be required to provide the same uni- 
formity of temperature, the cost of 
drilling out the platen for installing 
cartridge units may be so much lower 
than the cost of machining the platen to 
receive strip heaters that it will more 
than compensate for the higher initial 
cost of cartridge units. 





Table II — Step-by-step Procedure in Selection and Appli- 


cation of Resistance Heating Units 





Analyze the problem 


Include all pertinent information on the machine, device, process, or material, 
including containers and auxiliary equipment, space available for mounting 
heaters, type of service, time requirements, etc. 


Calculate the required heater capacity 


Calculations to be on the basis of: (a) the heat necessary to bring the material 
to working temperature; (b) heat necessary to maintain the working tempera- 
tures. Experiments may be necessary 


Choose type of heater, which will best meet the purposes of the intended 
application 


(See Table I for physical limitations) 


Choose rating (watt density) which will result in reasonable life expectancy 
Use suggestions in manufacturer’s catalog as guide in specific applications 


Select number of heaters on basis of three preceding steps 


Modify the above as necessary from standpoint of economy, physical limi- 
tations, etc. 


Choose sheath material 


Based on consideration of operating temperature and corrosion problem 


Choice of control equipment 


Thermostats for automatic control; switching 


reduce load factor 


temperature arrangement to 


Install units in manner to provide most rapid and efficient transfer of heat 


This includes provisions for good clamping, agitation for viscous liquids, forced 
convection of air, elimination of scale, etc. 
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MATERIALS AND DESIGN 


ITH competition today keen- 

er than ever, many a manu- 

facturer is finding it impera- 
tive that some method be found for 
reducing his production costs. He may 
find himself in a price situation—and 
therefore be thinking of ways and means 
which will enable him to give his cus- 
tomers a product just as good, at a 
lower price. Perhaps, in his particular 
picture, the competitive situation is one 
of quality. In that case, he will be 
thinking of ways and means to increase 
quality without raising price. He may 
even be striving both to improve quality 
and lower price. Perhaps his imme- 
diate necessity may be purely one of 
widening the ratio between income and 
outgo in order to net a more reasonable 
margin of the profit. No matter which 
one of these reasons may supply the 
immediate motive, the main objective is 
the same—that of producing a good 
product at a lower cost. 

For some reason, which I have never 
been able to understand, most manu- 
facturers, in considering the problem 
of reducing production costs, turn first 


The superiority of the new Agfa Chief camera, styled by Henry Dreyfuss is obvious. 
It takes the same size picture and sells in same price class as the older model 
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Twin Keys to Profit 


GEORGE T. TRUNDLE, Jr. 


President, The Trundle Engineering Company 


to the labor picture. There is little 
margin of savings to be found in that 
angle today. As a matter of fact, 
direct labor has never represented more 
than a comparatively small fraction of 
the price of most manufactured articles. 
And in these days even to save a frac- 
tion of that fraction would be extremely 
difficult because wage scales today are 
not easily subject to arbitrary down- 
ward adjustments. My own opinion is 
that high wages are with us to stay and 
we may as well accept them. 

The next subject for consideration, 
with respect to reducing production 
costs, is customarily equipment. 
Whether there may, or may not, be such 
an opportunity in this field, depends 
upon the situation in each individual 
plant. In some cases replacement of 
obviously antiquated equipment by new 
equipment may, of course, help—but 
what about the company whose equip- 
ment is not antiquated, but who must 
nevertheless of necessity effect a reduc- 
tion in production costs? A few cor- 
ners may be cut, perhaps, in sales ex- 
pense; more careful buying of ma- 


terial; better control of inventory, 

In some companies, revision of man- 
agement methods, along the line of 
better planning and routing in the 
plant and better allocation of responsi. 
bilities in the office, may work wonders, 
But in another company no such revi- 
sion may be needed. And yet there 
may still be the need of cutting pro- 
duction costs. 

We have now “made the rounds” of 
the subjects ordinarily considered under 
the subject of “cost-savings”. But as 
yet we have not even mentioned the 
one field in which today there may lie 
more opportunities for cost reduction 
than in all other fields combined—the 
field of materials and design. Not so 
many years ago, a major change in the 
material or in the design of a product 
was an unusual event. It happened only 
as the result of a special situation or 
an unusual circumstance. But during 
recent years all this has changed, due 
to the remarkably rapid increase in 


the supply of new materials and new 
adaptations of old materials, and an 
equally rapid increase in the supply 
of engineering ingenuity operating in 


the field of product design. All of us 
can remember when there were only a 
limited number of materials available. 
Most of our manufactured products 
were made of steel, wood, leather, rub- 
ber or glass, or of limited combinations 
of these materials. What is the pic- 
ture today? 

First of all, we have at our disposal 
a number of absolutely new materials, 
chiefly in the field of plastics. Their 
physical properties, by comparison to 
older materials, are almost incredible 
—they are light in weight; they do not 
require grinding or cutting operations; 
they are non-conductors of electricity; 
they possess surfaces which are pleas- 
ing to the touch and which, therefore, 
do not require finishing; they have cer- 
tain resistances to moisture, heat, acids, 
alkali, and grease; they do not corrode 
with time; they possess peculiar ad 
vantages with respect to physical hand- 
ling and introduction into already estab- 
lished manufacturing processes. 

Next, we have seen in recent years 
old materials developed into vast new 
ranges hitherto unknown. Take steel, 
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for instance. Not so long ago steel was 
either tool steel or machine steel. But 
today “steel,” as a specific material, is 
merely an academic term. Today we 
have at our command hundreds of dif- 
fereni alloy steels, each with its own 
physical and chemical properties, and 
each capable of its own special uses 
and performance. Furthermore, there 
has been a commensurate increase in 
the number of shapes, sizes and forms 
in which various steels are available. 
This is particularly important today 
because of modern welding possibili- 
ties and because of the miracles which 
can be performed by modern die 
presses in shaping sheets and plates. 

There is the same story in iron. “Cast 
iron” today is a general name for a 
wide variety of iron alloys, with an 
equally wide variety of performance 
and adaptation. 

Rubber today serves a thousand and 
one purposes unknown to manufac- 
turers only a few years ago. Glass 
now appears on the manufacturers’ 
market as a whole range of raw mate- 
rials for countless purposes. Even 
wood has kept pace, with new forms 
of pressed wood and similar processed 
materials unknown a decade ago. 

In addition to all of these, there has 
been developed a great array of non- 
ferrous materials, principally alloys of 
aluminum, zinc, and magnesium. And 
to get into other widely diversified 
fields, one could mention lacquers, cel- 
lophane, rayons, and many other new 
materials. 

Keeping pace with developments 
and materials, there have been equally 
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startling developments in methods. 
Consider, for instance, the progress 
which has been made in stamping, sand 
casting, die-casting, extruding, forging 
and molding. Every new material, or 
every new adaptation of an old mate- 
rial, has brought with it progress in 
methods, use and adaptation. In short, 
product engineering has kept pace 
with the development of materials. 

Product engineering is purely a mat- 
ter of ingenuity. A manufacturer has 
before him the necessity of reducing 
production costs. Suppose he asks the 
question, “To what extent can this be 
done by redesigning the product in 
the light of the materials available 
today?” The answer to that question 
is in the hands of product engineers. 
These product engineers may be re- 
search men for the company, executives 
of the company, plant superintendents, 
foremen, or representatives of an out- 
side engineering organization specially 
equipped for that purpose. It makes 
no difference just who the men are. 
What I wish to emphasize is the fact 
that the men who succeed in reducing 
production costs by means of the re- 
designing of a product in the light of 
new materials are in fact “product 
engineers” and their function today, 
as far as cost reduction is concerned, 
may prove to be far more important 
than is apparently realized by many 
business executives. 

Now I would not for a moment sug- 
gest to a manufacturer that any of the 
old line methods of endeavoring to 
reduce production costs should be 
abandoned. Of course every field 


should be explored; every possible 
step should be taken to reduce costs in 
direct labor, in sales, in buying and 
inventory control, in routing and plan- 
ning of work, and in the allocation of 
various responsibilities in management 
setup. But at the same time, and at 
the very moment the problem arises, 
there should also be propounded the 
question, “To what extent can we ac- 
complish our desired purpose by the 
redesign of product, especially in the 
light of new materials available to- 
day?” I am inclined to think that in 
a great many cases, the real answer 
to the problem will be found to lie in 
this field. 

In this connection, the question of 
approach to the subject is important. 
There is always a temptation to think, 
“Look at this new plastic product — 
this new steel product — this new rub- 
ber product. They are wonderful. 
Can’t we use them in our business?” 
This sort of approach does not bring 
the right answer. The approach which 
gets proper results is one which first 
of all defines the objective. Once the 
objective has been defined, it is up to 
product engineers to get the answer. 
Perhaps this can best be illustrated 
by a few specific examples. 

A company manufacturing small mo- 
tors was faced with the necessity of 
cutting production costs, and at the 
same time maintaining quality and per- 
formance. Answer— Motor frames 
were changed from cast iron to steel 
forgings. Motor bases were changed 
from cast iron to steel stampings. 
Square laminations were used instead 





When Pneumatic Scale Corporation engineers developed their new type of automatic bottle cleaner—which uses sterilized 
ar mstead of water—they created a design that has all the earmarks of quality and efficiency 
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of round laminations. Result—A _ re- 
duction not only in material costs but 
in machining and processing costs. 

A company manufacturing a time- 
recorder sought to reduce production 
costs without sacrificing quality. The 
answer was the use of zinc alloy die 
castings. Because of the nature of this 
material, these castings can be made 
into such intricate shapes that one part 
can take the place of what formerly 
constituted three or four parts. Fur- 
thermore, zinc diecastings can be cast 
into thin sections of great uniformity. 
This permitted small clearances and 
made it possible to use every available 
cubic inch of space. Result — Fewer 
parts, more compact design, and fewer 
machining requirements, because of 
better surface qualities, substantially 
reduced manufacturing costs. 

Another noteworthy achievement is 
the design of the new Agfa camera 
models, the Chief and the Pioneer. 
Designed for appearance by Henry 
Dreyfuss, these models have many new 
striking features. As can be seen in 
the illustration, the Chief is extremely 
compact; careful design eliminated 
waste space. The winding knob is 
plastic, light in weight compared to 
the metal knob in the other model. 
Lens mount is molded plastic, light in 
weight and permitting an improved de- 
sign. Colored plastic shutter release 
is located most conveniently to control 
instantaneous or bulb exposure. The 
camera body is all-steel with grained 
black, water-proof paper covering as 
compared to the pressed chip-board con- 
struction of the older model. These new 


American Seating Company enlisted the aid of Designers for Industry, Inc. 
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models have numerous other features 
not found in the older models, such as 
built-in synchronized flash mechanism, 
optical eye-level view finder, higher 
quality lens and shutter, and provision 
for a flash unit, an inexpensive acces- 
sory. 

A manufacturer of a paper shred- 
ding machine sought decreased pro- 
duction costs while at the same time 
maintaining quality performance. A 
product engineer found a way out by 
redesigning the cutting knives of the 
machine. The knives formerly were 
made of solid tool steel. Now they are 
made of low-cost carbon steel, to which 
are welded small edges of an alloy cut- 
ting steel. This not only reduced the 
cost of production but reduced the 
weight of the disk which carried the 
knives by 50 per cent, which made 
possible the use of a 2 hp. driving 
motor instead of a 3 hp. motor. It also 
increased the life of the machine be- 
cause the cutters can now be reground 
and reset. 

Research proved that cleaning new 
bottles with sterile air is more eff- 
cient than water rinsing. Pneumatic 
Scale Corporation redesigned their ma- 
chine to clean bottles by a blast of 
sterile air. As shown in the accom- 
panying illustration, the sheet steel 
housing was styled for both appear- 
ance and easy cleaning. All machine 
adjustments are made by handwheels 
on the outside. 

A manufacturer of motors sought to 
increase the ability of his motors to 
operate satisfactorily under extraordi- 
narily high temperatures. The answer 


was found in the adoption of glass— 
in the form of thread, fabric, and tape 
— in the winding of the motor coils, 
The use of glass in place of conven. 
tional insulating materials made it pos. 
sible not only to operate under higher 
temperatures but also to obtain an out. 
put of 20 hp. from a motor previously 
limited by frame size to an output of 
15 hp. The new glass fabric possesses 
a high tensile strength, a resistance 
to deterioration at high temperatures, 
and high resistance to attack by mois. 
ture, oils, acids and corrosive fumes, 

These are just a few out of count- 
less illustrations which might be cited 
out of the current experience of in- 
dustry, experience in product engineer- 
ing whereby new materials and new 
methods utilizing new materials are 
put to work in order to cut costs. These 
are new avenues for progress which 
may prove productive of surprisingly 
immediate and substantial results. Such 
means constitute today, in my opinion, 
the most direct avenues toward cutting 
costs while maintaining quality, in- 
creasing quality while maintaining 
costs, or both cutting costs and im- 
proving quality at the same time. Cer- 
tainly today every manufacturer, no 
matter what other ways and means may 
be considered for cutting costs and in- 
creasing margins, would do well to 
consider at the same time and as part 
and parcel of his regular program, 
research and experimentation with the 
aid of product engineers, to see what 
might be accomplished by the use of 
new materials and new product design 
— today’s twin keys to profit. 


_ Seatu to create their new design of chair-desk. The 
greater simplicity and better appearance are obvious, while costs have been reduced by requiring fewer parts 
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TRUCK GRADE ABILITY 


And Performance Based on Work and Power Factors 


RELIMINARY to any design 
P analysis or discussion of what 
it is possible to do in the way of 
improving the road performance of 
trucks and tractor-trailer combinations, 
it is obviously necessary to understand 
thoroughly the many factors that are 
involved in the problem. 
Every engineer knows that in any 
conversion of power to work, the 
amount of work output per unit of 
time in any system can be no greater 
than the power input received by that 
system. This fact is axiomatic. It is 
also well known that some power input 
is always absorbed in the system be- 
cause of frictional obstacles in that 
system. Power-weight ratios and gear 
ratios cannot change these fundamen- 
tal relations between power and work. 
The measure of truck performance is 
the number of pounds that can be 
moved without acceleration over a 
length of highway of uniform surface 
and grade, generally expressed in miles, 
in a unit of time usually expressed in 
hours. The only force that the truck 
can exert on the highway to move itself 
is the tractive effort or tire pull of the 
rear wheels. 
Tractive effort can be expressed in 
terms of developed engine horsepower. 
F = aa effort or tire pull of rear wheels 
in lb. 

8 = vehicle speed, ft. per min. 

M = vehicle speed, miles per hr. 

H, = horsepower developed by engine 

E = overall efficiency from engine to rear 
wheels. (Generally taken at 0.90, 
tests show that the efficiency 


remains approximately constant in 
any gear for the entire range of road 





speeds used.) 
5,280M 
th = : = 
en S 60 88M (1) 
en gs ee, MF ow 
33,000F 33,000% 375E 


Not considering rear wheel slip nor 
wind resistance, tractive effort is the 
sum of rolling resistance R, and the 
grade resistance R», the latter factor is 
the component of the load parallel to 
toad. In Fig. 1 let 


W = gross load in 1,000 Ib. units of vehicle 
on the road 


K = coefficient of rolling resistance 


t = t ae. 
per cent grade 100 


August, 1940 


A. C. RASMUSSEN 
Mechanical Engineer, Indianapolis, Ind. 


L = Ve + 100 = w) 
Va F 100 1009 (56, +1 


=100V/s? + 1 
R: = grade resistance = Gone 
(1,000W)a _ (1,000W)s 





0/2? +1 vVs+1 


x — 10007 x 100 _ 1,000W_x 100 


L 100v +1 
_ _1,000W 
Vet +1 
R, = rolling resistance = Ku 
1,000W u 
Ve +1 


Since the value of the term +/s? + 1 is very 


close to unity, the term is often omitted. 


When this term is omitted 


R2 = (1,000W)a 
R; = (1,000W) uv 
then 
F = (Ri + R:) 
= »(1,000W) + s(1,000W) (3) 
= (u + s) (1,000) (4) 
substituting this value of F in Equation (2) 
_ WM(u +8) 
mm 0.375E (5) 


For a value of E equal tc 0.90 
H, = 2.963W M(u + s) 


In Table I are listed values of p for 
different types of roads. 

The resistance which the vehicle 
meets in pushing through the air varies 
considerably with driving conditions. 
As a consequence, average values have 
generally been assumed for calculating 


Table I—Coefficients of Roll- 
ing Resistance for Various 
Roads 





Type or Roap u 





New and smooth concrete, 


brick and asphalt........ 0.012 
Good macadam............. 0.018 
Rough hard road............ 0.025 
ere re 0.032 
Poor macadam, poor gravel 

ere rere 0.060 
Firm moist sand............ 0.160 to 
0.250 





wind resistance. A common formula for 
estimating wind pressure, in which 


„p = wind pressure per sq.ft. of frontal area 


A = frontal area in sq.ft. 
R; = total wind resistance in lb. 
R; = pA = 0.004M°A 
Including the effect of wind resistance 
F = (Ri + R: + Rs) 
and Equation (2) becomes 


M(Rı + Rə) MR’ 


H. = — 35E T 315E 
_WM(u +s) , 004M4 
0.375E 375E 


WM(u + 8) MA 
0.375E 93,750 E 





(6) 


In considering the subject of the 





Fig. 1—Forces acting on a truck ascending a grade and method of designating grade 
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function of gears in the trains between 
the engine and the rear wheels, per- 
haps attention should be called to a 
fact that is sometimes lost sight of 
when discussing truck performance. 
Gears can accomplish but one result. 
They are simply the mechanism through 
which a mechanical advantage is ob- 
tained by reducing the speed of the 
driving unit, and are a means only for 
increasing torque through a reduction 
in speed. Gears cannot in themselves 
generate or increase power. The cal- 
culations involved in determining over- 
all gear ratios are simple and well 
known; with 


ge = final drive ratio 
ga = drive axle ratio 
gz = transmission ratio in any step 
G = overall gear ratio 
then G = ge X ga X g= (7) 





The tractive effort F in terms of 
engine torque and overall gear ratio 
also can be readily computed if brake 
dragging, and windage of clutch, shaft 
brakes, universals, brake drums and 
wheels are all neglected. 







Q = torque of engine, lb. in. 
r = loaded radius of tire, in. 
then F = QGE/r (8) 


A ratio which often appears in ex- 
pressions relating to the performance 
of trucks is the tractive factor, here 
designated as T,. The ratio is the trac- 
tive effort in lb. per lb. of gross load, or 





Ty = F/(1,000W) (9) 

In order to haul loads up grades and 
to accelerate from stand-stills, it nat- 
urally follows that trucks must have 
some excess tractive ability over and 
above that required to maintain given 
governor-throttle controlled speeds in 
high gear on level roads, therefore, it 
is reasonable to measure performance 
ability of a vehicle by the grade that 
can be negotiated. 

The per cent grade that can be ne- 
gotiated can be derived from Equation 
(3) as 


— 
~ (1000W) ~~ * 
= T;— u (11) 


(10) 


ea 


From Equation (2) 


Substituting this value of F in Equation (10) 


_ _375EH. 
~ 1,000WM  *” 





(12) 


From Equation (12) an equation can 
be derived in terms of the gross vehicle 
weight per horsepower that can be 
pulled up a grade at various speeds, ex- 
pressed as 
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1,000 W 387.5 


H. MeF as) 


The curves in Fig. 2 are plotted from 
Equation (13) with a coefficient of 
rolling resistance taken as 0.025 for 
rough hard roads, for various grades, 
and an overall efficiency of 0.90 from 
engine to rear wheels. 

When calculating vehicle road speeds 
a factor is often used which expresses 
the road speed of a vehicle in mi. per 
hr. for 1 r.p.m. of the driving tire, let 
Z denote this factor then 

2rr X 60 r 


Z = 39 X 5,280 ~ 168 (14) 


For truck and bus tires 
r = 0.49 of nominal O.D. of tire approx. 
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Coefficient of rolling resistance =002: 
Overall efficiency =0.90 
Grade expressed in percent=S 


ENKI 


Speed Mi. per Hr. 


Nominal O.D. of tire = wheel dia. + 2 x 
nominal tire dia., and 





ce 0.49 Nom. O.D. _ Nom. O.D. 
7 168 eS 
approx. 15) 
Let 
N = r.p.m. of engine 
Na = r.p.m. of driving tire 
M = ZN. = 2Z(N/G) 
_ Nr _ N X Nom. O.D. 
~ 168G 343G 
approx. (16) 


Except where stated the equations 
do not include the effects of wind 
resistance. Also, the equations have 
been developed on the basis that the 
engine can develop its maximum horse- 
power at the speeds under consideration, 
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Fig. 2—Gross vehicle weights that can be pulled up-grade at various speeds by one 
horsepower delivered by engine 
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METAL SURFACE CLEANERS 


HE articles on product finishing 
which have appeared in the April, 


May and June numbers of Prop- 
uct ENGINEERING, pages 163-4, 217-19 


ish troubles, their causes and remedies. 
More basic, however, than many reme- 
dies is proper cleaning and treatment of 
the surface before the actual finishing 


tradenames and methods of application 
of commercial cleaning preparations 
generally recommended for surface 
cleaning of aluminum and its alloys, 





and 269-70, were principally concerned 
with recommendations on the proper 
choice of solvent and with common fin- 


I, Aluminum and Aluminum Alloy 


1. Rough cast aluminum (degrease and etch) 
Metalprep #10 diluted with 3 parts water (wipe off) 
Deoxidine #126 diluted with 3 or 4 parts water (wash) 
Preesol #12 diluted with 3 parts water (wipe off) 


2. Polished aluminum surfaces (etch and degrease) 
Metalprep #11 and #33 diluted with 3 parts water 
Deoxidine #126 diluted with 3 or 4 parts water 
Preesol #12 diluted with 3 parts water 


II. Bronze and Copper 


1. Rough castings (degrease and etch) 
Metalprep #25 diluted with 3 parts water 
Deoxidine #126 diluted with 3 or 4 parts water 


2. Polished surfaces (degrease and etch) 
Metalprep #45 diluted with 3 parts water 
Deoxidine #126 diluted with 3 or 4 parts water (wash) 
(Follow Metalprep with an alcohol rinse) 


Ill. Lead, Terne Plate and Tin Plate 


l. Light grease 
Metalprep #25 diluted with 3 parts water (wipe off) 
Deoxidine #126 diluted with 3 or 4 parts water (wash) 


2. Heavy grease 
Metalprep #45 diluted with 3 parts water (wipe off) 
Deoxidine #126 diluted with 3 or 4 parts water (wash) 
(Follow Metalprep with petroleum hydrocarbon thinner 
rinse) 


IV. Steel and Iron 


l. Horizontal surfaces (Deep Rust) 
Metalprep #25 or #45 diluted with 3 parts water (wipe) 
Deoxidine #126 diluted with 3 parts water (wash off) 
Sol-Klean #1205 diluted with 2 parts water (dry 24 


hours) 
Rust-i-cide #75 diluted with 1 or 2 parts water (wipe) 


2. Vertical surfaces 
Metalprep #106 or #107 (wash off) 
Deoxidine #202 (dust off when dry) 
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operation. Degreasing can be done by 
alkaline, solvent cleaning processes or 


This table lists the 


chemical! cleaning. 


bronze and copper, lead and tin plate, 
steel and iron, zinc, cadmium and 
chrome-plate and galvanized parts. 


ACP Rust Proofer 33 (wash off) 
Sol-Klean #1205 (24 hour dry) 


3. Light to moderate surface rust and scale 


Metalprep #10, #11, or #33 diluted with 3 parts water 
(wipe off). 

Preesol #12 diluted with 3 parts water (wipe off) 
Sol-Klean #1205 diluted with 3 parts water (dry 24 
hours) 

Rust-i-cide #75 diluted with 1 or 2 parts water (wipe) 
ACP Rust Proofer 33 full strength (wash off) 


V. Zinc, Cadmium or Chromium Plated Steel and 
Zine Base Die Castings 


1. Hand application 
Metalprep #10 or #11 diluted with 2 or 3 parts water 
(wipe off) 
Lithoform #2, undiluted, brushed or sprayed (wash) 


2. Dip application 
Metalprep #45 diluted with 2 parts water (wipe off) 
Lithoform #31 or #32 diluted with 3 parts water, 
heated to 150 deg. F., dipped and washed off 


VI. Galvanized or Galvannealed Surfaces 


Metalprep #10 or #11 diluted with 2 or 3 parts water 
(wash off) 

Lithoform #2 undiluted, brushed or sprayed (wash off) 
Metalprep unless otherwise specified is brushed 
Galvaprep diluted with 3 parts water (wash off after 
30 seconds) 


Index of Manufacturers 


Neilson Chemical Company, Detroit, Mich. 
Metalprep 
Galvaprep 

American Chemical Paint Company, Ambler, Pa. 
Deoxidine 
Preesol 
ACP 33 Rust Proofer 


Lithoform 


Rusticide Products Company, Cleveland, Ohio 
Rust-i-cide 


Industrial Chemical Products Company, Detroit, Mich. 
Sol-Klean 
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LAMINATED PHENOLIC 


Considerations Governing Choice of Type 


ROPERTIES of laminated phe- 

nolic resin materials are primarily 

dependent on type of filler ma- 
terial, the phenolic resin which serves 
principally as the binder, and the time 
and temperature of cure. The filler mate- 
rial may be cotton fabric, paper, asbes- 
tos or glass fabric. The laminated phe- 
nolic with a fabric or paper base may 
be combined with natural rubber or 
synthetic rubber-like materials such as 
Thiokol, Neoprene, or Corprene. The 
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resin may be impregnated with other 
material, such as graphite in order to 
obtain certain desired properties, or the 
impregnated filler sheet may be partially 
cured, macerated and molded to shape. 

Of the two most common types of 
laminated phenolic, the fabric-base 
grade is usually suitable where good 
mechanical properties such as impact 
strength or resistance to shock are re- 
quired, and where electrical require- 
ments are of secondary importance. The 


paper-base grades are suitable for appli- 
cations where electrical properties are 
important considerations and where me- 
chanical properties such as strength and 
impact resistance are secondary. 

In addition to these two general 
grades of paper- and of fabric-lami- 
nated, the resin may be laminated with 
asbestos-paper base or asbestos-fabric 
base for particular applications in 
which strong alkaline conditions are en- 
countered, or for exposure to chemical 
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salis in high concentration. A compara- 
tively recent development, woven-glass- 
cloth laminated, has excellent resistance 
to strong concentrated acids including 
chromic and strong sulphuric acids. 

Combination materials utilize rubber, 

Neoprene, Corprene, Thiokol or vulcan- 
ized fibre, thus combining physical 
properties such as the resilience of rub- 
ber and Corprene, the oil-resisting abil- 
ity of Neoprene and Thiokol and the 
arc-resisting or arc-damping quality of 
vulcanized fibre with the machinability 
and strength of the laminated phenolic. 
In graphite-impregnated laminated, 
the graphite acts as a lubricant, thereby 
redueing the coefficient of friction and 
minimizing temperature rise and fric- 
tional power losses. Other special ma- 
terials include molded laminated and 
molded macerated grades. In the molded 
laminated types, pieces of impregnated 
paper or fabric are cut to the required 
dimensions to fit a mold, and are then 
cured under heat and pressure. In 
molded macerated materials, impreg- 
nated paper or fabric is shredded to 
small pieces which are then cured in a 
mold under heat and pressure. Either 
of these methods may show considerable 
cost savings over machining methods if 
suficient quantities are involved to war- 
rant the expense of molds. However, 
molded macerated materials are gener- 
ally somewhat weaker mechanically 
than the corresponding laminated sheet. 

The nomenclature of the various 
types commercially available has been 
standardized by N.E.M.A. and descrip- 
tions of their inherent characteristics 
are included in the V.E.M.A. Standards. 

There are three general classes of 
paper base stock, grades X, XX and 
XXX. On the punching stock grades the 
letter P follows the grade classification. 
These grades have suitable plasticizers 
added to the impregnating resin which 
soften the sheet and make good punch- 
ing possible. Of course it is possible to 
punch the non-plasticized paper base 
grades by preheating the material in 
some cases. Moisture resistance, dimen- 
sional stability and good electrical prop- 
erties increase with the number of X’s. 

For mechanical applications where 
good electrical properties are of sec- 
ondary importance, grade X is recom- 
mended. However, if good electrical 
properties are required even under con- 
ditions of high humidity and where 
high mechanical and impact strength 
is of secondary importance then grades 
XX and XXX are recommended. 

For high-impact applications and par- 
ticularly where electrical considerations 
do not prevail, fabric-base laminated is 
recommended. These grades are known 
as C, CE, L, and LE. The laminations 
in the C grades are heavy-weave fabrics, 
6 to 16 oz. per sq. yd. as a base; the L 
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grades have fine-weave fabrics, 3 to 4 
oz. per sq. yd. as a base. The finer-weave 
cloths show practically as good mechan- 


ical strength as the heavier weaves. 


except that impact strength is somewhat 
lower. The fine weave cloth, although 
somewhat higher in price, is preferred 
in applications where a fine machined 
appearance and clean cuts are desir- 
able, as in fine tooth gears or breaker 
arms. For better electrical properties 
where impact is a factor, grades CE and 
LE are recommended in preference to 
paper-base laminated; these are iden- 
tical to the C and L grades, except that 
the impregnated fabric has been further 
processed to improve electrical qualities 
of the finished sheet. However, they have 
generally poor impact strength and a 
slightly lower tensile and transverse 
strength than the corresponding C and 
L grades. 

Where heat resistance and resistance 
to moisture absorption is a factor, as- 
bestos base laminated, grade A or AA, 
may be used. These materials are more 
resistant to flame and slightly more 
resistant to heat than other laminated 
grades because of high inorganic 
content. Where these same qualities 
are desired but more mechanical 
strength is necessary. grade AA can be 
used, this is an asbestos-fabric base 
laminated material. Electrical properties 
of these two grades are poor and 
machining is difficult. However, both 
have good moisture resistance and di- 
mensional stability under high humidity 
conditions. Immersion in water for a 
period of six months to a year has 
shown a water absorption of not more 
than 3 to 5 per cent. 

The safe operating temperature of 
laminated bakelite depends upon the 


selection and whether the material is 
to be subjected intermittently or con- 
tinuously to the specified temperature. 
Generally speaking, 225 deg. F. is the 
maximum safe continuous operating 
temperature for any of the usual 
grades; 250 deg. F. is the limit for 
intermittent application. The asbestos- 
base grades may be used at somewhat 
higher temperature, and by special 
processing during manufacture, this 
material will withstand intermittent 
temperatures up to 400 deg. F. 

For structural members, or electrical 
insulating parts under dielectric stress, 
a factor of safety of four is recom- 
mended for mechanical strength and 
six for dielectric strength. 

Laminated bakelite machines at much 
the same cutting speeds as does brass. 
As a general rule, the use of cutting 
oils is not recommended except for fine 
thread cutting. Detailed information re- 
garding procedure for various machin- 
ing operations is available from any 
laminator. See also publication No. 39- 
58. dated November, 1939, and issued 
by the National Electrical Manufac- 
turers’ Association. 

The combination of laminated pheno- 
lic and rubber, bonded together under 
heat and pressure, is an interesting 
application in the uniting of two differ- 
ent materials having different character- 
istics. Rubber is naturally resilient, 
whereas the laminated plastic is tough 
and strong and has good impact 
strength. Paper or fabric-base plastic 
may be laminated with rubber from 
1/64 in. up to 14 in or more in thickness. 
Combinations are: rubber one side; 
rubber both sides; plastic both sides, 
rubber between; alternate layers. 

Rubber generally used is equivalent 


Comparative Properties of Glass-Fabric Laminated and Grade 
CE Fabric Laminated 


(Specimens 4 in. thick) 





PROPERTIES 





Dielectric Strength (short time test).............. 
Power Factor at 1,000,000 Cycles.......... 

Dielect. Const. at 1,000,000 Cycles........ 
Loss Factor at 1,000,000 Cycles........... 
Power Factor at 1,000,000 Cycles.......... 


after 24 hr. in water 


Fe RII oa g oes cca rnnd cece neweas 


(depends on fabric) 
Transverse Strength................. 
(depends on fabric) 


Compressive Strength.................... 
Izod Impact Strength.................... 
Cold-flow (after stabilized). .............. 


24 hr. water absorption................... 
SE ire a cis 64.6 se oe ein ec 





GLass BASE Grave CE 
396 V.P.M. | 325 V.P.M. 
aa 0.011 0.055 
sees t.4 5.5 
bie ts 0.048 0.30 
EFTE 0.10 | 0.075 
on RN 6000-15000 lb. es lb. 
per sq. in. | per sq. in. 
«nce pleeets 15000-25000 Ib. | 17000-23000 lb. 
per sq. in. per sq. in. 
neuen 19000 Ib. 36,000 Ib. 
per sq. in. gba sq. in. 
én eee. 10 ft. Ib. /in 7 ft. Ib. /in. 
of notch | 
waa 0.20 per cent | 0.5-1.0 per cent 
Eni 1.2-2.3 per cent | 0.50-1.2 per cent 
OT 1.55-1.60 1.35 
EPERE TE 110-115 105-110 


Rockwell Hardness. . 


Surface leakage resistance after 7 days at 90-95 
pir oint BUET... ain 





5 megohms 100 megohms 
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to “packing rubber,” containing 6/10th 
of 1 per cent free sulphur. Where oil- 
resistance is important, special rubber 
or synthetic rubber can be used. In a 
typical application, electrolytic and oil 
type condensers, the combination wash- 
ers have rubber on one side and lami- 
nated plastic on the other. The plastic 
supplies mechanical strength and pro- 
tects the rubber from corrosive action 
of the chemicals. In another, a round 
headed machine screw with a cork 
washer passes through a hole in the 
wall from the inside. A rubber-plastic 
washer then goes on from the outside 
with the rubber next to the wall. The 
laminated plastic on the outside offers 
a firm base for seating the nut. 

Glass-fabric-base material has been 
available for the past year. It is pri- 
marily suitable for certain mechanical 
and chemical applications. Electrical 
properties are not stable; it is not rec- 
ommended where excellent electrical 
properties are required, although it may 
be used in cases where requirements are 
not severe. 

While mechanical strength is 10-20 
per cent better than that of cotton- 
fabric-base material, this is hardly 
enough to warrant the additional cost 
except for special applications. There 
is, however, a 50 per cent improvement 
in impact strength and considerable 
improvement in resistance to cold flow. 

Probably the largest present use for 
this glass-base material is in chemical 
applications since glass is practically 
immune to attack by most acids except 
hydrofluoric acid. This is not generally 
true of cellulose-base materials. Glass- 
base is not recommended for any appli- 
cations involving alkali-base materials 
as glass is attacked by most alkalies. 

Disks of graphitized laminated ma- 
terial under test were held in a lathe 
and a steel disk was then pressed 
against the surface of test materials 
with a uniform load of 20 lb. at 525 
r.p.m. and with a uniform load of 80 
lb. at speed of 154 r.p.m. Differential 
increase in the watts consumed is listed 
below for the different grades under 
two different conditions. The watts rep- 
resenting the power consumption are 
a guide to the improvement to be ob- 
tained with grade C-YB, since the power 
consumed is proportional to frictional 
load and indicates two things: the wear 
likely to be experienced, and the amount 
of heat generated by the friction. 

General rules cannot be made for 
performance of standard types when 
exposed to various chemicals, since 
individual conditions vary widely. Im- 
purities or associated materials, in 
themselves harmless to synthetic resins, 
very often cause a breakdown which 
otherwise might not occur. A good ex- 
ample of this is carbon tetrachloride, 
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Test Results 
On Graphitized Laminated 


(Watts consumed when steel disk was 
pressed against rotating specimen 
disk held in lathe) 





UNIFORM LOAD ON 
| Street Disk 











GRADE — teammates 

| 20 Ib. at | 80 Ib. at 
|1525 r.p.m.|154 r.p.m. 
Grade C-YB....... | 145 watts} 95 watts 
SE Banc tek vas sen | 185 watts! 130 watts 
Grade C...........| 185 watts! 135 watts 
Grade A..........| 185 watts! 120 watts 
Grade AA... .| 205 watts! 105 watts 


Grade X X Black...| 235 watts) 160 watts 
Grade X X Natural.| 265 watts| 135 watts 





which alone is a good, stable solvent for 
many organic substances. This is not 
so when solutions of certain organic 
materials in carbon tetrachloride are 
exposed to a low heat of 120 deg. F., 
oxygen of the air, moisture as low as 
1/10 of 1 per cent, and metals such as 
iron or zinc from the container. Under 
these conditions the mixtures of carbon 
tetrachloride and various metallic chlor- 
ides are corrosive and attack resins. 


In view of the above it is difficu!: to 
generalize, but in the selection of a 
laminated sheet for a chemical applica- 
tion the choice of the base fabric or 
paper is most important, as it is usual 
that the chemical will first destroy the 
base. Cellulose paper should be avoided 
in all cases as the structure of paper 
is inherently poor for good impregna- 
tion. Also, water absorption is compara- 
tively high, and is directly proportional 
to the chemical resistance. 

Cellulose cloth should be selected 
for uses where weak acids, weak bases 
and solutions of various salts are en- 
countered, and generally speaking has 
better resistance than the other two 
base materials which are higher in 
price. 

Asbestos should be used only when 
strong alkaline conditions are encoun- 
tered or when exposed to salts in high 
concentration which tend to hydrolyze 
or split to alkaline radicals. Asbestos, 
being alkaline, is easily attacked by 
acids and salts. 

Glass-base is easily attacked by alka- 
lies- in all concentrations, but is the 
most resistant material against acids. 
Even chromic acid and strong sulfuric 
have little effect on glass laminated. 


Laminated Phenolic Paper Base Tubing— 
Standard Properties 


(Tests made on 1x1 in. tubing. 


Based on N.E.M.A. Standards) 





| 
GRADE X 
ROLLED | ROLLED 











GRADE X X| Grane X (Grane XX 


| Mo.upep | Mo.Lpep 





MIntmuM STANDARDS 




















Density | 7 
NN a fois oh wih o wee 8Y 1.10 1.10 1.25 1.25 
Tensile Strength | m 
E a a | 7,500 7,000 9,000 7,500 
Compressive Strength | | 
axial | | 
I nra .| 10,000 12,000 \15,000 15,000 
Dielectric Strength | | 
volts per mil | | 
E e a ar 500* | 400 | 400 300 
SE a | 250 250 200 
| MAXIMUM STANDARDS 
Water angio i | | 
percentage by weight | | | 
lin. length — 24 hr at 25°C. + 2°C.,) 5.0 | 2:5 1.0 2.0 
As Received Condition | | i 
ee | 0.040) 0.040) 0.045) 0.040 
dielectric constant................ | 5.0 | 5.0 6.0 5 5, 
dielectric loss factor............... | 0.20 | 0.20 0.26 0.22 
(at 10° cycles) | 
After 24 hr. immersion in water at 25 C. | > 
D aaa | 0.070, 0.055 0.070) 0.055 
dielectric constant................ 6.0 6.0 7.5 6.5, 
dielectric loss factor............... 0.42 0.33 0.52 0.3 
(at 10° cycles) | 


SNe 


* Note.— The high dielectric strength of Grade X rolled tubing is only true under 


dry conditions. 





Under high humidity its dielectric strength is low. 
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Molded plastic parts having intricate detail and deep undercuts electroplated to simulate metal 


METAL PLATED PLASTICS 


OMBINING metals and plastics 
by electro-deposition offers to the 
product engineer an interesting 
and novel means of taking advantage 
of the properties of both materials. 
Plating on non-conductors is an old 
story. Materials such as plaster, wood 
and wax were metal plated almost a 
hundred years ago, when the art founded 
by Faraday was in its infancy. Recent 
developments, however, have improved 
the process so that it now offers the 
designer of molded plastics a new range 
of effects and applications. 
Plating on plastics can be effectively 
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employed in design to obtain: light 
weight with the appearance of metal; 
decorative effects; surface hardness for 
plastic surfaces subject to wear; re- 
duced moisture absorption; heat re- 
sistance; and electrostatic shielding. 
One early method for plating on non- 
conductors which to some extent is 
still practiced today, consists of four 
essential steps. The object to be plated 
is given one or more coats of varnish, 
depending on its porosity. When the 
varnish is “tacky” or almost dry a 
conducting powder of either finely 
divided copper, bronze or graphite, is 


brushed or sprayed on the work. After 
the varnish has dried, electrical con- 
tact is made with the metal powder 
film by means of copper wire. The work 
is plated in a special acid copper bath 
to prevent chemical attack of the film 
before a layer of metal has been de- 
posited, after which it is transferred 
to a regular acid copper hath, given 
a four to eight hour deposit of copper, 
removed, and scratch brushed or pol- 
ished and finished as desired. 

There are many practical difficulties 
with this method. Each piece requires 
many hand operations involving 0° 
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little skill and a great deal of time. 
The powder film is often non-uniform 
in conductivity, resulting in uneven 
and slow plating. Frequently the metal 
film is non-adherent or gradually pulls 
away from the base with the formation 
of blisters and bubbles. Where the de- 
posit is adherent, there is a tendency 
for roughness or “orange peel” to de- 
velop because of the clumping of the 
metallic particles. This roughness is 
accentuated and magnified by subse- 
quent deposition of metal. 


Plating Procedure 


The new method for depositing metal 
on non-conductors which is particu- 
larly applicable to plating on plastics, 
eliminates all these difficulties and 
faults. The method is based on the 
chemical reduction of silver bearing 
compounds, resembling somewhat the 
modern technique for making mirrors. 
However, if one tries the ordinary mir- 
ror making solutions for this purpose, 
he will meet with little success. Only 
certain proprietary solutions and de- 
vices especially designed for plating 
plastic materials seem to be able to 
do the trick. In the cycle of operations 
under the new method the work is thor- 
oughly cleaned, then placed in a tank 
or barrel for treatment with two special 
solutions which produce a bonding 
metallic coat of silver, of almost mole- 
cular thickness. Where the work is too 
large to be handled in tank or barrel 
it can be sprayed. After rinsing, the 


Group of plastic parts electroplated by new method. (A) Housing for receptacle outlet 
unit. (B) Impeller for toy whistle. (C) Housing for camera lens and shutter. (D) 
Variable electrical resistor contact strip 
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work can be immediately plated. If the 
work is small it is plated in a barrel, 
or if the work is large it is plated on 
a rack, with ordinary copper or silver 
plating solutions. The plated surface, 
unlike that produced by powder, is uni- 
formly conductive and will receive an 
immediate electro-deposit. 

Little care need be taken in making 
electrical contact in contrast to that 
required with the powder method. 
Deposits up to 0.01 in. thick can be 
plated, though for most work 0.0001 in. 
thickness is satisfactory. Any metal 
can be plated on the prepared plastic 
part, the usual choice being copper, 
silver, nickel, gold, rhodium, chromium 
and cadmium or combinations of these 
metals. After the parts have been 
plated, they can be further treated by 





polishing, brushing, tumbling and/or 
oxidizing and coloring. 

Because the initial bonding coat of 
silver actualiy penetrates the surface 
pores of the plastic material and is of 
molecular dimensions, perfect adhesion 
is obtained resulting from a combina- 
tion of anchorage and atomic attrac- 
tion, with an exact reproduction of the 
plastic surface. No roughness or 
“orange peel” develops because the sil- 
ver film is perfectly smooth, its smooth- 
ness being a replica of the plastic sur- 
face beneath it. Also important is the 
fact that the method can be employed 
on a production scale by the use of 
barrels and racks with a minimum of 
skilled labor required. 

Since very little silver is used in the 
bonding coat, the cost of the process is 





(A) Molded housing for radio set in 
which the louvred grille panel is gold 
plated to enhance appearance. (B) Auto- 
mobile ceiling light dome ring of plastic 
material gold plated on outer surface 


low as compared to other methods of 
combining metal and plastic by surface 
or mold treatment. The plastic can be 
molded in one piece then plated so 
that all or part of the surface is cov- 
ered in a fixed or prearranged design, 
with any metal desired. The increased 
size of the plated plastic object is of 
no consequence as the thickness of the 
plated metal is much less than the 
dimensional tolerances permitted in the 
molding of plastic parts or pieces. 
Surprising as it seems these deposits 
can be buffed and tumbled without any 
ill effect. It would normally be expected 
that blistering or lifting off from the 
surface would occur because of the 
difference between the expansion coeff- 
cients but the heat generated by a pol- 
ishing operation is rapidly conducted 
and radiated away by the metal film be- 
fore the heat has an opportunity to 
penetrate to the plastic beneath. 
Parts molded from any of the plastic 
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materials can be plated with the new 
process. The physical properties of the 
plastic material used remain unchanged 
after plating. The metallic plated sur- 
face, however, is an electrical conductor 
but this property resides only in the 
metal coating. The non-resonant prop- 
erties of plastics are not affected by 
the electro-deposited metal coatings. 
There are a number of possible in- 
dustrial applications for plating on plas- 
tics. Some of these have already been 
adopted, others await the consideration 
and further study by the design and 
product engineer before adoption. 


Possible Applications 


Plating on plastics makes possible 
many interesting and beautiful effects 
in metal-plastic design. A large radio 
concern is having its molded phenolic 
resin radio cabinets finished with a 
metal electroplate on the escutcheon 
and speaker grille. The metal deposited 
is copper, this is later oxidized to an 
antique bronze to produce a beautiful 
contrast with the light walnut covered 
plastic case. 

Handles made of plastics can be 
effectively plated to simulate inlaid 
metal. They also can be covered all 
over with a hard wearing metal such 
as chromium. The cost for simulating 
certain types of metal inlay is mate- 
rially less than what it would be to 
actually inlay the plastic because no 
second set of dies is needed. 

One property of plastic materials is 
low surface hardness. This prevents 
plastics being used in applications 
where otherwise the strength and light- 
ness inherent in plastics would be ideal. 
In applications where high surface hard- 
ness is required plastics are short 
lived. A typical application is that of 
roller guides and cams. However, roller 
guides can be advantageously made of 
plastics if they are plated with a hard 
anti-wear surface such as chromium. 
The light weight and sound insulating 
properties of the plastic impart almost 
inertialess and noiseless motion and 
the chromium plate a durable hard 
wearing surface. This principle is 
already being employed by several ma- 
chine manufacturers. 

Gears and bearings offer other pos- 
sibilities for the application of plating 
on plastics. Plastic gears are constructed 


for most part of the laminated phenolic 


resins because of their superior wearing 
qualities. These are relatively expensive. 
There is no reason why gears cannot 
be made of cheaper plastic materials 
and plated on the wearing surfaces with 


chromium or hard nickel. One concern 
is at the present time experimenting 


with the possibility of using electro-de- 
posited silver lead alloys as bearing 
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surfaces on mechanical parts made 
from molded plastic materials. 

Water pump impellers offer another 
use for plating on plastics. Most plastic 
materials tend to be water or moisture 
absorbent. The less absorbent plastics 
such as are being used today in the 
automobile industry for water pump 
impellers, which are quite expensive, 
can be replaced by cheaper plastics 
coated with non-porous films of non- 
corroding metals such as silver or cad- 
mium. A light deposit of such metals 
on the less porous plastics will permit 
them to withstand water submersion 
for a longer period of time without 
warping or swelling. 

Wherever a combination of conduc- 
tor and non-conductor is desired in one 
integral part, plating on plastics should 
be considered. Plastic radio cabinets 
can be shielded by plating strips of 
copper on the inside and grounding 
them. Plastic knobs can be similarly 
treated. Moisture-proof condensers of 
permanent capacity can be made by 
plating silver on plastic sheets. Sliding 
variable contacts and electrical hard- 
ware of decorative beauty can be pro- 
duced in a similar fashion. 

A particularly interesting applica- 
tion of the new method was in shielding 
the loop antennae of the radio direc- 





Cabinet handles and dial knobs of plastic 
materials plated with metal to improve 
appearance and to save weight 


tion finders of airplanes. The original 


housing was made of Plexiglas. It was 
found, however, that the friction of 
the air stream put a heavy static charge 
on the Plexiglas which seriously inter- 
fered with the operation of the radio. 


Desiring to continue the use of Plexi- 
glas because of its beauty, the engineers 
satisfactorily solved the problem by 
plating thin copper strips on the Plexi- 








glas and then grounding the strips ‘o 
the body of the plane. 

Even with the wide variation in tein- 
perature that is encountered, as much 
as 170 deg. F. on the landing field 
in the sun and down to minus 30 deg. fF. 
in the upper ceiling, the copper strips 
adhere perfectly to the Plexiglas. In 
fact, the bond is so strong that the thin 
copper strips in expanding or contract- 
ing bend the Plexiglas slightly. 

Reflectors are another field for plat- 
ing on plastics. Plastics can be easily 
molded in one piece to calculated curva- 
tures. The curved surface can then he 
plated with silver, or nickel and rhodi- 
um, to give reflecting surfaces of the 
highest efficiency. Infra-red light re- 
flecting surfaces can be plated with 
gold; a very thin layer or “flash” is 
sufficient. 

Camera parts particularly those sub- 
ject to wear can be molded of plastic 
and plated with metal on wearing sur- 
faces. Lens boards are an example. 


Heat Resistant Properties 


Inflammable plastic materials can be 
made heat resistant by plating with 
metals such as copper and silver. Heat 
applied at any particular point is dif- 
fused and radiated away from the metal 
surface. By the same token, plastic 
parts that are not inflammable but 
prone to damage by heat, can be simi- 
larly protected. Even a highly inflam- 
mable material such as celluloid, when 
plated with metal does not readily ig- 
nite and if it does, burns very slowly. 

Containers for corrosive oils and 
chemicals now made of glass or ex- 
pensive metal can be replaced by in- 
expensively molded light-weight, non- 
breakable plastics lined with a thin 
non-porous coating of silver. Many 
synthetic resins tend to absorb water 
and other fluids with consequent warp- 
ing, deformation and discoloration and 
are therefore unsatisfactory for use. 
Plastic containers lined with silver by 
electro-deposition are an answer to this 
problem. Only very thin deposits of 
silver need be used (deposits of silver 
0.00001 in. thick are non-porous accord- 
ing tothe National Silver Producers Re: 
search Project) to coat the plastic base. 

Other uses that come to mind for 
electroplating on plastics, are dials, 
auto and airline accessories where light 
weight yet the appearance of metal is 


desired, escutcheon plates, _ bottle 
closures, instrument parts and hard- 
ware. There is no doubt that further 
thought will suggest many other uses 
to the design engineer. 

In closing the author acknowledges 
with gratitude the cooperation of Mr. 
B. F. Walker of the MetaPlast Inc. in 


the preparation of this article. 
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DISCLOSING AN INVENTION 


To Prove the Date of Invention 


ANY PATENT cases have been 
lost because of inadequate 
proof of the date of invention. 

This is often caused not so much by 
complete ignorance or neglect as by a 
misunderstanding of the underlying 
principles of Patent Law covering the 
case. Inventors may think they have 
“taken steps” to prove the date of their 
invention, but they may have taken 
either the wrong ones or insufficient 
ones, so that they stand to lose if they 
brush up against interference or ques- 
tion of prior use. 

One form of proof of date of inven- 
tion, other than by filing an applica- 
tion, is some written form of disclosure 
of the invention by way of drawings, 
photographs that are dated, and 
written and dated description duly 
witnessed and signed by the inventor 
and several witnesses whose acknowl- 
edgment is taken before a notary. 

This proof should then be mailed to 
an outsider who can be depended upon 
to testify that he received the disclos- 
ure in the ordinary course of business. 

One of the serious mistakes made by 
most organizations is to have all of 
the proof of the making of an inven- 
tion and its disclosure limited within 
the organization, witnessed only by em- 
ployees and executives of the organ- 
ization. The danger of this is that 
when you are in a contest in a patent 
office interference, or in a question of 
prior use before a court, the other side 
can claim that the material has been 
fabricated for the special occasion. 
The only way to meet this issue satis- 
factorily is to insure that the disclosure 
has been made to those outside of the 
immediate organization. 

One of the effective ways for han- 
dling this is to provide regular forms 
of disclosure booklets in which all in- 


ventive ideas of research, engineering 
and development departments are re- 


corded. These booklets are regularly 
mailed out from the organization with 
a statement of the nature of the inven- 
tion and whether it is to be protected 
by application for patent or not. By 
this method, there is a written record, 
duly dated, showing the mailing of the 
disclosure to outside counsel to earn a 


Position to prove by their records that 
this disclosure has been made. This 
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eliminates all opportunity for opposi- 
tion to claim that the proof is not genu- 
ine and is fraudulent. 

With reference to the question of 
how this proof should be prepared, 
the conventional way, of course, is to 
make drawings and sketches. These 
sketches should be adequately dated 
and signed by both the inventor and 
witnesses. The signatures should be in 
ink and, if possible, the drawings 
should be in ink because the dates of 
ink can be readily proved, while the 
dates of pencil can not be proved. 
Either regular disclosure booklets, or a 
bound disclosure record book should 
be maintained for this purpose. It is 
wise to keep such disclosure records 
readily available in every laboratory, 
on each drafting table and in each ex- 
perimental shop. The lack of con- 
venient access to such records leads to 
a neglect of making them. 


Witnessed Test Runs 


The best type of proof of an inven- 
tion is to actually make the appa- 
ratus, or run tests showing what the 
inventive process is, or produce the 
product. When this is done, the tests 
should be witnessed by responsible 
people who later can testify as wit- 
nesses. Photographs should be taken 
with these persons included in the pic- 
tures and the negatives should be dated 
the day they are taken. These nega- 
tives should be signed by the inventor 
and the witnesses. This makes a 
permanent record from which prints 
can be taken and used as the basis of 
making disclosures within the organ- 
ization and to outsiders. The records 
of the tests themselves should be care- 
fully kept and likewise dated and 
signed by those present, including the 
inventor. 

The records covering the making of 


the test apparatus should also be kept 


apart from the general commercial rec- 
ords of the corporation, because it is 
the custom of many corporations after 
two or four years to destroy current 
records of this character. All of the 


records with reference to the invention, 
including the photographs, should 


carry the same serial number, so that 
there would be some means for identi- 


fying the particular tests, their reduc- 
tion to practice and have these tests 
identified by numbers that are carried 
in a numbered record book of inven- 
tions. There is just as much need for 
keeping record books of invention as 
there is a need for keeping books of 
accounts for recording financial and 
business transactions of a corporation. 


Adequate Disclosure 


An interesting case on the subject of 
reduction to practice, which will illus- 
trate some of the rules, is as follows: 

To show the advantage of making an 
adequate disclosure, properly wit- 
nessed, we -cite General Talking Pic- 
tures Corporation v. American Tri- 
Ergon Corporation, 96 F. (2d) 800, 
which involved the DeForest invention 
relating to means for photographically 
recording sound waves. Here the 
court held that the applicant DeForest, 
who was a United States citizen who 
had prepared a written, witnessed dis- 
closure of his invention while on the 
ocean on a ship of foreign registry, 
was entitled to use as his date of con- 
ception the first day of his re-entry into 
the United States. As to the suffi- 


ciency of the disclosure the court said: 

“In our opinion DeForest disclosed 
a source of light operable to produce 
the requisite glow discharge or nega- 
tive glow by one skilled in the art 
photographically to record sound for 
reproduction; that he is therefore en- 
titled to claim at least November 11, 
1920, the date of his divisional appli- 
cation as the date of his constructive 
reduction to practice, if not September 
8, 1919, the date of his parent appli- 
cation in which his so-called arc lamp 
was originally disclosed . . . Can 
DeForest go further and properly sup- 
port the proposition which he has ad- 
vanced, namely, that he conceived the 


invention in question upon October 12, 


1918, and pursuing his conception with 
due diligence until his work culmi- 
nated in the applications referred to, 
is thereby enabled to claim priority of 
invention ? This question turns 


largely upon the effect to be given to a 


certain sketch allegedly made by 


DeForest on the steamship Carmania 
upon October 12, 1918, and his subse- 
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quent acts calculated to reduce his con- 
ception to practice. 

“The circumstances under which this 
memorandum was made and came into 
evidence are somewhat unusual. Upon 
October 6, 1918, DeForest and his pat- 
ent attorney, Samuel E. Darby, Jr., 
sailed from New York on the steam- 
ship Carmania, a ship of the Cunard 
Line, under British registry. DeForest 
testified that upon October 12, 1918, 
while at sea, he engaged in a con- 
versation with Darby upon the subject 
of ways to record sound photographic- 
ally. That to illustrate his views he 
produced from a book of poetry which 
he was carrying a piece of ‘Carmania’ 
stationery, upon the first sheet of which 
was written a poem of his own com- 
position, and that he thereupon wrote 
down, upon the clean side of this first 
sheet three possible light sources to be 
used to record sound photographically, 
and drew upon the bottom of the paper 
a diagram showing how such should 
be used... . 

“According to the testimony, this 
document was initialed by DeForest 
and by Darby upon this very occasion, 
the latter having written upon the 
paper the letters ‘E. & U.’ Darby testi- 
fied that the initials ‘E. & U.’ meant 
‘Explained and understood,’ and that 
the conceptions involved were then and 
there explained to him by DeForest . . . 
DeForest testified that the paper in 
question has remained in the book 
of poems until prior to the trial of the 


interference when he had found it and 
mailed it to Darby. 

“It is apparent, we believe, that if 
this paper be what it is represented 
by the appellants to be, that DeForest 
conceived the invention here involved 
upon October 12, 1918.” 

There was evidence introduced in 
the case to show that DeForest imme- 
diately upon his return to the United 
States took steps to reduce his con- 
ception to actual practice, making va- 
rious tests, etc., which were witnessed 
by others. And the court said: 

“Such evidence seems to us plainly 
to support the conclusion reached by 
the tribunals of the Patent Office giv- 
ing credence to the ‘Carmania’ memo- 
randum.” 


Inadequate Disclosure 


As showing the penalty for not mak- 
ing an adequate disclosure which can 
be corroborated by the testimony of 
someone outside of the inventor’s own 
organization, we cite the case of Bain- 
bridge v. Walton, 104 F. 808, in which 
the Court of Customs and Patent Ap- 
peals affirmed the Board of Appeals of 
the Patent Office in awarding priority 
of invention of Walton on his invention 
relating to photoelectric tubes, because 
Bainbridge’s evidence of record was 
insufficient to establish his reduction to 
practice as earlier than Walton’s. 

Bainbridge introduced a 17-page ex- 
hibit consisting of data alleged to be 
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This crude sketch and 
explanation, written 
on the back of a piece 
of Carmania station- 
ery while on board 
ship, was later upheld 
by the court as ade- 
quate proof of the 
date of Mr. DeForest’s 
invention. “E. & U” 
signifies that the 
sketch had been “ex- 
plained” by DeForest 
and “understood” by 
Darby on that date 


arrived at from tests conducted by him 
in September, 1928, as to which te-ts 
there were no witnesses, although tie 
immediate superior of Bainbridge testi- 
fied that he knew in a general way 
of the work being done by Bainbridge 
but had no definite recollection of hav- 
ing seen these data at the time of 
preparation. Bainbridge also intro- 
duced a subsequent report which cov- 
ered the same data but in graph form. 

Seven years later Bainbridge had 
his photoelectric tube tested in the 
presence of a physicist of the General 
Electric Company under conditions as 
nearly as possible like those existing 
when he made his 1928 tests, and 
sought by this method to prove what 
took place in the 1928 tests. 

In arriving at its conclusion, the 
court said: 

“Relative to the arguments of coun- 
sel for appellant that the witness Dr. 
Dushman, appellant’s immediate su- 
perior, must have known in September, 
1928 of the results obtained by appel- 
lant’s tests made during that month 
and that appellant could not have re- 
corded his data; plotted the results of 
that data into curves; and then pre- 
pared reports, without the work and 
the results actually having been seen 
and checked by Dr. Dushman, it may 
be said that Dr. Dushman does not 
claim to have seen the tests allegedly 
performed by appellant, nor does ap- 
pellant claim that Dr. Dushman saw 
such tests. Furthermore Dr. Dushman 
was unable to testify that he had seen 
the test data either at the time it was 
prepared by appellant or immediately 
thereafter. But even had he testified 
that he saw the test data immediately 
after it was prepared and that he was 
satisfied therewith, such evidence 
would have been insufficient to corro- 
borate appellant’s testimony that the 
data was obtained from actual tests 
made by appellant. 

“The question presented, therefore, 
is whether the evidence of the tests 
made in July 1935 of tube No. 19569 
(Exhibit E) by appellant and the wit- 
ness Koller may be considered as cor- 
roborative of appellant’s testimony that 
he actually tested that the tube in 
September 1928 and obtained from 
such tests the data disclosed .. . 

“Without intending to be understood 
as expressing any opinion as to 
whether such evidence could under any 
circumstances be considered corrobo- 
rative in character, it is clear that it 
cannot be so considered here.” 

A study of these cases should im- 
press upon the inventor the necessity 
for firmly establishing proof of the 
date of his invention by making an 
adequate disclosure, in writing and wit- 
nessed, to some reliable outsider. 
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VELOCITY-GRAPH ANALYSIS 


for Solving Problems Encountered in 


High-Speed Motions — Part IT 


NOTHER example in the analy- 

N sis of design problems will be 

described in order to show the 

value of the velocity-graph method dis- 

cussed in Part I of this article which 

appeared in the July number of Prop- 
uct ENGINEERING. 

The mechanism which will be used 
for the example, was designed to pick 
up and to transfer a piece from one 
station to another. The mechanism, 
shown in Fig. 6 as elements in a linkage, 
consisted of a uniformly rotating crank 
FE which by link ED reciprocated the 
arm DC on the shaft C. The shaft C 
also carried two arms CB, these arms 
served as a carrier for a heavy gripper 
placed between them. The gripper re- 
ciprocated in the arc BA. At A, where 
the gripper picked up a piece, there was 
an adjustable stop. Note that the recip- 
rocation of the gripper produced an 
approximate harmonic motion. When 
originally designed it was thought that 
the gripper would come accurately to 
A, stop and then reverse. 





Fig. 6—Linkage diagram of mechanism 
which was designed to pick up and to 
transfer a piece from one station to 
another 
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In practice, however, it was found im- 
possible to adjust A so that the gripper 
would come up to but not knock against 
A for all speeds. As the speed of the 
machine was changed very frequently, 
the gripper usually knocked against A. 
At low speeds, the knocks were not very 
annoying, but at high speeds they were 
severe. 

In an attempt to improve the condi- 
tions a speedgraph of the motion of the 
gripper was made. The speedgraph is 
shown in Fig. 7 as an harmonic, since 
the link BC is finite instead of infinite 
the harmonic speedgraph is only ap- 
proximate. At each node point A and 
B the speedgraph has an inclined 
tangent, that means that at each reverse 
point in the reciprocation there is a 
force acting on the gripper. 

In an harmonic motion, moreover, it 
is well known that the force can be 
compared to an attraction which is 
proportional to the distance from the 
middle point M of the arc AB in Fig. 6. 


The force on the swinging gripper at 


120 150 


A is directed from A to M, and at B is 
directed from B to M. But what makes 
the force on the gripper? Obviously, it 
can only be caused by the motion of the 
arm CB. Since action and reaction are 
equal and opposite in direction, the 
gripper exercises on the arm a force 
which is proportional to the distance 
from M and which always points away 
from M. Therefore, as the machine 
runs, the force bends the arm always 
away from M, and the force is pro- 
portional to the distance of the grip- 
per from M or the center of the arc. 

Hooke’s law states that strain is 
proportional to stress, this means that 
the amount of bending of the arms BC 
is proportional to the force. Moreover, 
in any machine the inertia forces in- 
crease as the square of the machine 
speed. Therefore, the amount of bend- 
ing of the arm increases as the square 
of the machine speed. 

No wonder it was impossible to 
choose a definite position for the stop 
A, since to avoid impact the stop would 


210 240 270 300 330 





Fig. 7—Speedgraph of the gripper mechanism shown in Fig. 6, in which the motion 
is approximately harmonic. Fig. 8—Modified speedgraph with slope at A, or at the 
stop end of reciprocation, equal to zero. 
at A and at B equal to zero 


Fig. 9—Symmetrical speedgraph with slope 
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dotted curve in Fig. 10 was calculated, 
The difference of the two harmonics 
















Fig. 10—Curve shown in dashed lines is obtained by subtracting three waves of 
small simple harmonic from one wave of a larger harmonic 


have to accommodate itself to the bend- 
ing arm and would have to be moved 
out proportionally to the square of the 
machine speed. 

Now what could be done to improve 
the design? One answer was to make 
the arm CB out of very stiff material. 
But that already had been done, and 
had proved insufficient. What else 
could be done? 

Referring to the speedgraph Fig. 7, 
if only the grade at Æ could be re- 
duced to zero, then there would be no 
force and so no bend at any machine 
speed. This suggestion looked promis- 
ing. In Fig. 8 is shown a possible 
speedgraph with a slope at A equal to 
zero. The rest of the speedgraph is 
completely undetermined. Of course, 
to make the total motion the same as 
before each area of Fig. 8 and the cor- 
responding area of Fig. 7 must be equal. 

The slope in Fig. 8 has been elimi- 
nated at A but not at B. If there is to 
be a stop at B also then a speedgraph 
like Fig. 9 would be required. Since 
there was no reason for not making 
the speedgraph symmetrical the graph 
in Fig. 9 was adopted. Here again the 
problem arises; given the speedgraph 
how does one find a corresponding 
mechanical drive. 

In this particular problem a suitable 
mechanism was easily found. It was 
only necessary to remove the crank EF, 
link ED, and arm CD in the mechan- 
ism shown in Fig. 6. The arm CD was 
replaced by a roller arm. On the shaft 
F was placed a ridge cam for oper- 
ating the roller arm. 

But what kind of a curve should the 
speedgraph in Fig. 9 be? After some 
searching it was found that the upper 
half AMB was similar to one of the 
curves discussed on p. 252, Propuct 
ENGINEERING, July 1934, and also in 
“Kinematics of Machinery,” by Albert 
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and Rogers. But the speedgraph has 
also a lower half BNA, and the author 
does not recall such a graph having 
been discussed anywhere. However, the 
graph did remind the author of some 
curves shown in Fourier’s _ series. 
Finally the three curves of Fig. 10 were 
plotted. Here ACBDA is an ordinary 
harmonic, and AEFGHIBJKLMNA is 
three complete waves of a smaller 
simple harmonic. Moreover at A and B, 
the two harmonics seem to have the 
grades of their tangents equal and 
opposite. When the smaller harmonic 
is subtracted from the larger harmonic 
curve ACBDA the dotted curve which 
looks like the speedgraph in Fig. 9 is 
thus obtained. 

After plotting, the equation of the 


FIG. It 


Fig. 11—Mechanism for producing a mo- 
tion having a speedgraph similar to that 
in Fig. 10 shown by dashed-line curve 
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gave the speedgraph 


dy = sinz — I iin 3x 
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tegrating gives 


(y—a) = —cosz+ L oos 3x for thesitegraph, 








d?y 


— = cos x — cos 3x for the celgraph 


dx? 


In the dotted curve at A or x = 0 deg. 
the acceleration is (1 — 1) = 0, and at 
B or x = 180 deg. the acceleration is 
[—1—(—1)]=0, as it should be. The 
curve seemed to be quite satisfactory, 
the maximum displacement is 8/9 and 
114% the maximum acceleration. 

The mechanism, of course, can he 
made large enough to give any desired 
displacement. The maximum accelera- 
tions are 144, but they occur neither 
at points A nor B but in between. It is 
true that the arms bend while acceler- 
ating, but in those zones there is noth- 
ing to strike so no trouble occurs. The 
curve seemed to be satisfactory. 

After examining the equation 


y—a= —cos x + 1/9 cos 3x 


the author decided on the construction 
of a non-cam mechanism to accomplish 
the movement. Here let it be recalled 
that an harmonic motion can be pro- 
duced by a Scotch yoke, in which the 
slide is a link of infinite length. An 
approximate harmonic motion can be 
produced by a link of finite length, as 
for instance ED in Fig. 6. An accurate 
production of the motion requires two 
links of infinite length (that is two 
Scotch yokes) but an approximate 
motion can be produced by two links of 
finite length. In the mechanism shown 
in Fig. 11, the diameter of the pinion 
is one third the diameter of the gear. 
On the gear locate a crank pin A. Let 
the radius of the crank be 1. On the 
pinion at 1/9 of the crank radius the pin 
B is located. The links AC and BD are 
extended from A and B. The links AC 
and BD are connected by a planetary 
link DC. At the middle E of link DC 
is a stud connection to the swinging 
arm EF. The link EF receives a mo 
tion approximating the speedgraph 
Fig. 9. The mechanism is compo 

only of gears and links and in some 
ways is preferable to a cam drive. 
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where x is measured horizontally, with 
x at AB = 180 deg.; y is the site. In. 
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Fig. 12—Sitegraph, speedgraph and celgraph of a motion that starts and ends with a dwell 


Many other similarly functioning 
mechanisms can be made. The equa- 
tions might be 


1 
y — a= —cos Tt + za COS (ma) 


The pinion diameter might be 1/3, 
1/5, 1/7, .. . 1/(2n — 1) of the gear 
diameter. Of course the point B would 
have to be taken at the distance 1/m’. 
If the distance 1/m’* is taken as 1/1, 
the two gears would have the same 
size and the resulting motion would be 
zero, which is mathematically correct 
but practically useless. 

The mechanism shown in Fig. 11 is 
important since theoretically, at least, 
at any speed it eliminates the node 
bending of the arms inherent in the 
Fig. 6 mechanism, so that at the nodes 
there is no knocking against the stops. 
There are probably many designs where 
this mechanism could be applied. 

The speedgraph shown in Fig. 10 
covers a complete cycle. Very fre- 
quently motions occur where there is 
a dwell, then it is difficult if not im- 
possible to make~a link motion to 
obtain the dwell. It is not difficult, 
however, to design a cam drive with a 
dwell. 

In Albert and Rogers’ book “Kine- 
matics of Machinery,” p. 147, it states 
“All the laws of displacement dealt 
with up to this point give abrupt 
changes in the acceleration of the fol- 
lower, and consequently abrupt changes 
in the unbalanced forces acting on the 
frame of the mechanism. To eliminate 
these abrupt changes during the cycle, 
the motion of the follower must be such 
that its acceleration will gradually in- 
crease from zero, and then gradually 
decrease from zero.” The book then 
shows a sitegraph, speedgraph and cel- 
graph which are shown as Fig. 12, ex- 
cept the extensions at the sides which 
were made by the author. 
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The extended sitegraph in Fig. 12 
indicates that the motion starts from a 
dwell and ends with a dwell, there- 
fore, the extended speedgraph shows 
the extension speeds as horizontals 
which smoothly join the speedgraph 
curve. With the extensions accelera- 
tions are zero, therefore, the extended 
celgraph shows the accelerations as 
horizontals. There is, however, a corner 
or cusp at the beginning and at the end, 
the celgraph is continuous but not 
smooth. 

Does the non-smoothness of the cel- 
graph produce any bad effects? Would 
a celgraph that is not only continuous 
but also smooth be any better? Of 
course, it is easy enough to draw such 
a celgraph, and to obtain from it a 
speedgraph and a sitegraph, but is it 
worth while? The author does not know 
of any bad effects traceable to the non- 
smoothness of the celgraph, maybe there 
are some. Readers are requested to 
point out any that they know of or even 
suspect. 

Again, is it even necessary to have 
the celgraph continuous? Is it not suffi- 
cient to make the speedgraph con- 
tinuous, but not necessarily smooth? 
Would not a speedgraph like the mod- 
ified one proposed in Fig. 5, p. 313, 
July 1940, Propuct ENGINEERING, with 
its cusps be suitable. 

The author has pointed out that there 
were knocks. But they originally oc- 
curred in the swinging arm of the 
mechanism shown in Fig. 6 at the nodes 
A and B. But at these points the old 
motion had an harmonic speedgraph 
and celgraph which were both con- 
tinuous and smooth. The knock was 
caused by the magnitude of the acceler- 
ating forces which bent the arm, so it 
hit the stop. With the stop removed 
the knock disappeared. But the site- 
graph, speedgraph and celgraph re- 
mained the same. The knock was not 


caused by any non-smoothness and 
non-continuity of the celgraph or 
speedgraph. 

And again, it has been pointed out 
that in Fig. 5 (p. 313, July 1940, Prop- 
uct ENGINEERING) at the speedgraph 
cusp D, there was no knock. So it is 
not the cusp in the speedgraph, nor 
the break in the celgraph that pro- 
duces the knock. 

In Propuct ENGINEERING, January, 
1935, p. 28, it is stated that if a body 
is suspended by a string, and the 
string is cut, the body when starting 
to fall, would hardly be said to have 
suffered a shock at the moment of 
start, although its acceleration changed 
abruptly from 0.0 to 32 ft. per sec. 
per sec. So what are the objections 
to abrupt changes in the acceleration of 
the follower, and to abrupt changes in 
the unbalanced forces acting on the 
frame of the mechanism? In reply, 
it was stated in the foregoing reference, 
that if the body had been suspended 
from the string by means of an inter- 
mediary spring, the body would then 
have received a series of violent vibra- 
tion. This is true. But what does it 
show? If a steel bar has one end 
clamped in a vise, and the other end 
is drawn aside by a string, and the 
string is then cut, the bar would be 
thrown into vibration, although it is 
not falling at all. The vibration of the 
bar is caused by the opportunity to 
again assume its unstrained form, and 
has nothing to do with any of the 
external forces, like gravity, tending 
to move it as a whole. 

But on the other hand, what harm 
does it do to make the speedgraph 
smooth as in Fig. 12 instead of as in 
Fig. 5 with cusps? It will be found that 
the smoothing out of the speedgraph 
makes the resulting maximum grade 
larger than it would otherwise be. The 
forces acting on the frame are greater, 
the tendency to slide on the floor is in- 
creased, the parts bend more, and 
breaks can occur easier. 

There is, however, another important 
reason why the speedgraph sometimes 
should have no cusps. It is found that 
in producing the motion by rollcurve 
gears; the cusps in the speedgraph 
produce cusps on the gears, and gears 
with cusps are much more difficult to 
make than cuspless gears, so for roll- 
curve gears the speedgraph should not 
have cusps. 

Knocks may occur where the speed- 
graph has cusps or where the speed- 
graph does not have cusps. It is some- 
times advisable to leave cusps in the 
speedgraph. It is sometimes advisable 
to remove the cusps, but in each de- 
sign the removal of a cusp leads to an 
increase of acceleration somewhere 
else, which may be undesirable. 
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Fig. 35—Treadle A, extending the width of the machine, pivots at 
both ends on pins B. Brackets C rotate about studs D and are so 
formed as to limit the travel. Tripping rod F is stiff enough to oper- 


ate in both directions. 


LLL 


Spring E returns mechanism to neutral. 


Fig. 37—Combination safety feature and foot rest is this bent steel bar 
at A. In rest position, the foot rests on A which is held by limit pin C. 
To operate, the toe of the shoe enters at D, lifting the safety lever A 
and at the same time depressing foot pad B. 


n = 





Fig. 36—When it is desirable to lock this foot 
treadle in an inoperative position, pin A enters hole 
in the bed casting. Detent B holds pin A in either 
locked or unlocked position. 


FIG.38 


Fig. 38—For safety, when this treadle is 
at rest its weighted front end A drops to 
the floor. to form a stop as at left. To 
operate, the toe of the shoe pushes forward 
against the top of the treadle until con- 
tact is made at B. 


Fig. 39—Treadle can be held down in any 
position by this ratchet device. The pawl 
can be released by sliding foot to left and 
pressing down on pawl extension A. Side- 
ways motion of pedal lever D is prevented 
by retainer B. 
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PEDALS AND FOOT(( 
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gee positioning of the treadle is an important factor 
in pedal design. Where the operator may stand in any 
of several different positions, depending upon the set-up, 
the treadle must be movable or extend around the machine. 
In some cases, foot pads are designed with vertical or hori- 
zontal adjustments which permit them to be placed in the 
position most comfortable to the operator. When the 
danger of accidental operation is high, some locking safety 
device should be provided. Several examples of this are 
shown here. To reduce the tripping hazard inevitably 


present with extending foot levers, set the pedals in close 
to the machine base, or design them so that they can be 
swung out of the way. 
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Fig. 42—To reduce 
the danger of trip- 
ping over extended 
levers, many recent 
machines have ped- 
als similar to this, 
which hug the ma- 
chine base as 
closely as possible. 
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Fig. 43—Bracket C, on which pivots 
















FIG.40 


Fig. 40—Circular slot B allows a 
30-deg. sideways adjustment for 
the treadle in this two-piece ar- 
rangement. Position is locked 
by screw and T-nut at A. 


Fig. 41—Vertical adjustment is 
provided by sliding fulcrum lever 
A on tube B. Pulley D, to which 
is attached control cable, is 
bolted to treadle lever C to allow 
for cable length adjustment. Slot 
at E provides clearance. 
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Fig. 44—This treadle A can be shifted to any 
position on hexagonal bar B which extends 
across the front of the machine bed. It can also 
be lifted off for safety when setting up. Lever 
arm C connects with tripping mechanism. 


Fig. 45—This treadle operates two valves at 
A and B, being pivoted between them. Lower 
part of the lever is slotted to straddle the 
spring adjusting screw. 
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Question 





Suggests Housings for Fittings To 


Improve Appearance of Grease Pumps 


CARL P. ANDERSON 
Evanston, Ill. 


In regard to the high-pressure grease 
pump cabinets that N. V. Smith con- 
tends are designed wrong (PRODUCT 
ENGINEERING, June, page 276), it is dis- 
tinctly apparent that there are two dif- 
ferent types of designing incorporated 
into the units. The cabinets proper are, 
to my limited knowledge, of 20th cen- 
tury “streamlining” design, while the 
upper mechanisms are still back in the 
fundamental engineering design stage 
— likened to the practice formerly 
found in building construction, where a 
steam pipe would be passed through a 
living room if it were the economical 
or convenient thing to do. Thus, the 
cabinets are clean and sheer in appear- 
ance while the parts on top, although 
they are correct as far as the functional 
factor is concerned, do not conform to 





This is the original cabinet design .... 


the clean-cut and unblemished paneling 
below. 

In order to complete my comment 
I would submit the following sugges- 
tion, perhaps far from being correct or 
ultimate, but still conveying the essence 
of the point I wish to make. 

To redesign the grease pumps I 
would advise a cabinet that would in- 
clude the grease fittings within its 
paneling. If this would be financially 
undesirable, a “face lift” would be the 
alternative. This would probably con- 
sist of a separate removable housing 
enveloping the fittings, and harmoniz- 
ing with the cabinet as it is now. I 
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CPA 


. with a slight change it looks better 


have drawn up this sketch to show how 
the improved cabinet would look. 

In either event, the problem could be 
solved by creating a series of tentative 
sketches of housings or complete cabi- 
nets, and after most 
pleasing one, condensing the fittings, if 
necessary, so that they will fit inside. 
The housing, of course, would fold 
back on hinges and due consideration 
should be given to convenience. 


choosing the 


Discussion of 
Acceleration Changes 


To the Editor: 


In Mr. H. E. Golber’s article “Ve- 
locity Graph Analysis,” (Propuct En- 
GINEERING, July 1940, page 311) he 
describes how he overcame a problem 
in inertia caused by a too-rapid accel- 
eration of a printing-press bed, and then 
was confronted with another problem. 
Briefly, Mr. Golber’s second problem 
was caused by torsional deflection in a 
shaft which produced a misfit at a criti- 





and Comment 


cal point in the operation, a situation 
which was extraneous to the original 


trouble. These problems are distinct, 
and illustrate the fact that forces acting 
on various parts of a machine which are 
brought progressively or cyclically into 
operation must be treated separately 
when the primary analysis concerns 
itself with the fundamental motion only, 

Motion under uniform acceleration 
always produces a straight line on the 
velocity graph, and the intersection of 
two of these lines will always be a 
“corner.” Whether these corners are 
harmful or not will obviously depend on 
circumstances. 

Inertia forces are set up by a change 
in velocity, or acceleration. Qualitative 
conclusions regarding these forces can 
be drawn from an examination of the 
displacement curve for corners; here 
the criterion is the radius of curvature, 
depending on the second derivative 
which of course represents the accelera- 
tion. In the case discussed by Mr. 
Golber the inertia problem was very 
neatly and rationally solved by examina- 
tion of both displacement and velocity 
graphs. 

Let us consider the graph of an 
acceleration as the variable, which is 
one step farther. Uniform accelerations 
would be merely straight lines parallel 
to the time axis, and it is obvious that 
the junction of two lines representing 
different uniform accelerations theo- 
retically cannot exist in this graph. 
There is said to be a discontinuity. 

Now there is sometimes confusion in 
the application of mathematical con- 
cepts in the realm of engineering (and 
even of physics) due to the fact that 
these abstract concepts simply don't 
occur. Actually, the sharp corners are 
always rounded by something, even if 
only a film of grease. Even an approxi- 
mately complete analysis would have to 
take account of so many factors as to 
render it intolerably complicated for the 

purpose for which it might be intended. 
The thing which is quite often disre 
garded in analysis of machine operation 
is the elastic deformation of the various 
parts. Right at this point is where the 
significance of a change in acceleration 
can be shown. 
Where there is acceleration there ! 

a force producing it, operating ® 

torque in shafts, thrust in gear teeth. 

tension in belts, tension or compression 
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T in linkage members, and so on. Accel- 
eration and force are proportional, 
hence at the sharp corners of a velocity 
T curve we must expect a readjustment of 
> the elastic forces. There is likely to be 


some noise, and in general there is some 
yibration or quiver of the parts until 
friction damps out the oscillations. As 
far as “shock” is concerned, it is a 
purely arbitrary term which depends on 
the strength and fit of the machine 
parts. the nature of the materials in- 
yolved, and the rate of change in accel- 
eration. For this reason, any quantita- 
tive definition of the terms would be 
hard to make. 

In many comparatively simple ma- 
chines there is likely to be considerable 
stored-up energy because of elastic 
forces alone. A one-inch steel cable used 
in pulling a stump is likely to kill a 
horse or a man if it snaps. Even twenty 
feet of half-inch chain is a bad actor 
when it breaks. Today, in many cases, 
a very involved study of inertia and 
elastic forces combined must sometimes 
be undertaken, especially when these 
forces are periodic. 

In conclusion let us hope that the very 
useful “third derivative” will not be 
thrown on the ash-heap due to a diffi- 
culty of application on a momentary 
misunderstanding; change in accelera- 
tion is merely a change in force. 

—G. V. BRADBURY 
Kansas City, Mo. 


Correction For 


Crusher Shaft Bearing 


To the Editor: 


The sketch showing how the shaft 
mounting of the Allis-Chalmers Type 
R reduction crusher allows for deflec- 
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Shaft By 


ShattA 


Shaft A rotates in one direction 
Shaft B oscillates 


Oil Circuit Breaker 
Has Unusual Part 


To the Editor: 


I am inclosing a sketch of an ingen- 
ious mechanism called a Bevel Link 
which I saw in an oil circuit breaker 
manufactured by Pacific Electric Mfg. 





Co. of San Francisco. It is used to 
obtain an oscillating motion of a shaft 
from the continuous turning of another 
shaft at right angles to it. Oscillations 
of 100 deg. or less can be obtained. I 
understand that this is patented and the 
patent rights owned by the above com- 
pany. —Paut Pace AustTIN 

San Francisco, Cal. 





tion, as it appears in the lower right- 
hand corner on page 252 of the June 
number, is wrong in the following 
ways: 

The second bore is wrongly shown 
parallel to the first bore and is shown 
on the thin side of the eccentric in- 
stead of on the thick side as it should 
be. 

The arrow erroneously indicates that 
the rock load deflects the shaft in the 
center away from the thick side of the 
eccentric. The pressure to crush the 
rock would naturally apply to the shaft 
of the crusher above the thin side of 
the eccentric. 

The actual inclination of the shaft 
from the vertical is about 30 min. in- 
stead of 15 deg. In order to illustrate 
the construction it is naturally neces- 
sary to exaggerate this angle of in- 
clination in order to show the second 
bore. 


We have indicated all the above 
changes on this corrected drawing. 
The special counterbore of the eccen- 
tric, the means for varying the dis- 
charge opening in a crusher by varying 
the quantity of liquid below the 
crusher shaft, and also the rubber cur- 
tain dust seal, all of which features are 
described in this article, are covered 
by patents. —R. C. NEWHOUSE, 


Allis-Chalmers Manufacturing Company 


Trigonometric Method 
To Determine Angles 


To the Editor: 


Recently in the course of my work I 
had occasion to lay out some angles of 
odd values. Not having a protractor of 
sufficient accuracy at hand I decided to 
employ a trigonometric method. The 
device which I hit upon was so simple 
and effective that I am surprised that it 
is not given in any of the handbooks 
or texts to which I have referred. I 
wonder if any of your readers can tell 
me whether they have seen it before? 
Stated briefly in the form of a theorem 
it is as follows: 

Theorem: The chord of a circular 
arc is equal to twice the radius times 
the sine of one-half subtending angle. 

Proof: In the accompanying dia- 
gram, AB is the arc, a is its subtending 
angle, ABD is a semicircular continua- 
tion, C being the center and AC, CB, 
and CD, radii. Since a is the external 
angle of isosceles triangle BCD, « = 2 @. 
Also in right triangle ABD side AB 
which I will call L = AD sin 6 = 2R 
sin 6. Or, 

L = 2R sin 1/24 

Corollary 1: To construct any angle 
from a given line at a given point, draw 
an arc with a center at the desired 
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vertex. From the intersection of the arc 
with the line strike off a chord 
L = 2R ain 1/2 e 
Corollary 2: To determine the value 
of any angle a, draw an arc the vertex 
of the angle as a center. Scale off the 
chord of the arc and the angle 
a = 2 arc sin L/2R 
Corollary 3: To divide the circum- 


ference of a circle into any number of 
parts, set your dividers to a length L = 


180 
2 R sin id where n is the desired 


number of parts. 

I will greatly appreciate any informa- 
tion from your readers as to whether 
the above has been recorded elsewhere. 

—Myron K. DracHMAN 
New York, N.Y. 


Reply to Comments on 
Cam Design Analysis 


To the Editor: 


Some of the comments by Mr. H. E. 
Golber, who discusses my recent article 
“Cam Design Analysis,” seem to require 
a reply. (Mr. Golber’s letter appeared 
in Propuct ENGINEERING for July, page 
324). The formula 

F. CF 
1/Rı + 1/R: 
gives the safe loading for wear, that is. 
the load which a cam will sustain for a 
certain number of cycles. With metal- 
lic materials the rapidity of the cycle 
does not influence the number of times 
the load may be repeated. 

Confusion exists because ball bearing 
catalogs express the life of a ball bear- 
ing in hours and r.p.m. instead of in 
total number of revolutions. Obviously, 
the life in revolutions is used up faster 
at higher speeds than at lower ones, and 
since it is desired to obtain the same 
life for all speeds, the load diminishes 
as the speed increases. 

Of course, the total load to which a 
cam is subjécted ‘during its operation 
depends on the speed because this load 
is the sum of the work load, the accel- 
eration load, and the increment load 
due to inaccuracies of manufacture. The 
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same is also true for ball bearings, 
gears, or any moving machine element. 

A complete discussion of this theory 
as applied to gears is given in an 
A.S.M.E. publication “Dynamic Loads 
on Gear Teeth” by Prof. Earle Bucking- 
ham. The same principles apply to 
cams. The writer would like to add, 
however, that no data are available as 
yet for determining the increment load 
on cams as has been done for gears. 

The writer attempted to avoid any 
impression that the choice of cam curves 
for particular problems is arbitrarily 
limited. Obviously, each cam problem 
is an individual one and consideration 
should be given to the pressure angle, 
velocity, and acceleration characteristics 
of any curve, or combination of curves, 
which are to be employed. 

The points raised concerning the 
value in cam design of curves having 
zero acceleration at the start and finish 
of the track are well taken. This whole 
subject is now being studied with the 
aid of an oscillograph which records 
stresses, accelerations, and velocities in 
cam driven mechanisms operating under 
all types of loading. 

A difference of opinion always seems 
to exist as to the relative merits of 
mathematical and graphical solutions 
in the design and analysis of many ma- 
chine elements. Graphical and other 
short-cut solutions are based upon 
mathematical solutions which have been 
modified for commercial reasons, such 


as ease of machining, standardiz::tion, 
materials adaptability, etc. With this in 
mind, we can settle the controversy by 
giving proper consideration to the ge. 
verity of the requirements for the 
mechanism—requirements which deter- 
mine the accuracy necessary. 
—Wape H. Suorter, Jr, 
United Shoe Machinery Corporation 


Turntable Drives Given 


In R.C.A. Publication 


To the Editor: 


I note that Mr. Samuel Wesert is 
looking for a substitute for a flywheel 
to eliminate sudden fluctuations in speed 
of the turntable of a portable machine. 
Mr. Wesert’s letter appeared in Prop- 
UCT ENGINEERING for July, page 325. 

Mr. Wesert would undoubtedly be 
much interested in a comprehensive 
article called “Review of the Quest for 
Constant Speed,” in the R.C.A. Review, 
Vol. II, October 1937, beginning on page 
220. Mr. E. W. Kellogg, a member of 
the R.C.A. Research and Engineering 
Staff presents here a good discussion 
of the problem, and includes sketches 
of many mechanisms used to stabilize 
the speed of sound recording and repro- 
ducing equipment. 

This magazine is published by R.C.A. 
Technical Press, 75 Varick St., New 
York, N. Y. —W. EvERETT SWIFT 

Worcester, Mass. 


Can You Work This One? 


H. E. SMITH 


This month’s problem— 


Count Your Cards 


While dealing regularly in an ordi- 
nary bridge game, South dropped some 
of the undealt cards onto the floor, but 
retained the rest in his hand. He then 
observed that the number of cards on 
the floor was two-thirds of the num- 
ber he had already dealt to West, and 
that the number already dealt to East 
was two-thirds of the number of un- 
dealt cards still in his hand. How 
many cards had been dealt? 


Solution to July problem— 


Wine Dilution 


The first slug of water which drops 
into Julius’ 10-gal. container of wine 
causes 0.001 gal. of the 60 per cent 
wine to overflow and changes the per- 
centage of the remaining wine as fol- 


lows, where W = amount of wine, T 
= total capacity of barrel: 


Per cent after first drop = 100 X 


W.— 0.001 W/T W (T — 0.001) 
7 2 


= 100 T 


The second drop causes 0.001 gal. of 
this percentage to overflow and changes 
the percentage of the remaining to 


[ W(T ; 0.001) _ 9 991 WAT =m | 


100 |, W (T — 0.001)? 
— T 
Similarly, for the third drop and thus 
for n drops 


100 W (T — 0.001)" 


Per cent wine = [ati 


Then, as there are 12.5 drops pel 
day for 40 days, n = 500 and by sub- 
stitution of this with W = 6 and T = 
10 the answer is found to be 57.102 


per cent. 
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Photographic “Mechanical Draftsman” Saves 


Time and Money for Aircraft Engineers 


New camera process, which lowered Martin’s 1939 costs by $80,000, 
reproduces drawings on any surface, is adaptable to all industries 


MucH OF THE TEDIUM and expense of 
the drafting work necessary before 
engineering designs are ready for pro- 
duction has been eliminated at the 
Glenn L. Martin airplane plant in Balti- 
more by a revolutionary new camera 
process. In the process, through which 
Martin saved $80,000 last year in draft- 
ing costs alone, original engineering 
drawings are photographically repro- 
duced directly on metal, wood, cloth, 
paper, or practically any other kind of 
asurface. Principal uses of the method 
are for redrafting, and for the making of 
templates, mock-ups, small-scale ex- 
perimental models, and “shrink lay- 
outs.” 

Large original drawings are photo- 
graphed by a gigantic camera. The 
negatives are developed and the images 
projected back to large sheets of alumi- 
num alloy metal (or other material) 
whose surfaces have been sensitized with 
a special emulsion. When the exposed 
sheet is placed in developing tanks, the 
drawing appears on the surface in exact 
scale—or in fractional or multiple 
scales, if so desired. In a matter of 
minutes any number of drawings which 





Experimental parts are made directly 
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might have required days in redrafting 
can be reproduced. Engineering work 
is speeded tremendously. Tool de- 
signing and tool making get under way 
more quickly and more accurately. De- 
sign changes can be made more rapidly. 

One of the most important jobs of the 
big camera is in conjunction with Mar- 
tin’s lofting system. Down in the base- 
ment of the engineering building is a 
long, chalk-white floor, slightly raised 
above the building floor. Here air- 
planes and airplane sections are drawn 
out in full scale by engineers who walk 
and crawl over the floor, wearing flan- 
nel window-dressers’ slippers over their 
shoes. 

To this floor come stress analysts to 
decide what trusses and stringers and 
braces will be necessary to carry the 
load of the assemblies. Tool designers 
plan out their tools and dies. Produc- 
tion planners envision shop and assem- 
bly line operations. Details are 


sketched into the full-scale drawings. 
Between the sweeping contours drawn 
on the loft floor, the details of the sec- 
tions of the airplane are pencil-drawn 
on the loft layouts, which are large 















































on full scale photographic reproductions 


sheets of aluminum alloy coated white 


on one side. Few dimensional figures 
are necessary because the sections are 
in full scale. When a loft layout is 
finished as a drawing, it goes to the big 
camera and as many copies as necessary 
are struck on white-coated metal sheets 
that become duplicates. The original 
goes into a file for permanent record. 

Templates are made in the tool de- 
sign department by positioning a layout 
duplicate over a piece of sheet iron and 
drilling little holes along the outline of 
each part for which a tool or die must 
be made. When the photo-drawing is 
lifted, the contours are clearly marked 
in the sheet iron by the drill. The tem- 
plates are then cut out of the sheet 
metal and sent to the shop for manu- 
facturing. 

The system is also of inestimable 
value in the making of “mock-ups.” 
Since a full-scale model of every new 
airplane type must be built first of wood 
to give engineers, tool designers, and 
production planners their final infor- 
mation, the ability of the “mechanical 
draftsman” to photograph drawings di- 
rectly onto the surface of both painted 
and unpainted wood saves time and 
effort. Skilled craftsmen in Martin’s 
woodworking shop can work directly on 
many of the mock-up parts without con- 
stant reference to drawings. 

Still another interesting function of 
the new process is in the making of 
“shrink layouts.” Because zinc and 
other die casting metals shrink consid- 
erably on cooling, it has always been 
necessary either to make new drawings 
to allow for this shrinkage or to use e 
shrink-scale. But, because the shrink- 
age is a known factor, a simple calibra- 
tion of the camera lets the lens do ir 
a moment what might consume many 
hours of time by older methods. 


A.S.T.E. Becomes 
Member of A.S.A. 


Becominc A Memser-Bopy of the 
American Standards Association follow- 
ing action taken at its annual meeting 
in New York, The American Society of 
Tool Engineers has received a full 
voice in the affairs of the Association. 
The A.S.T.E. will be represented on the 
Standards Council, the Mechanical 
Standards Committee, and on a number 
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of projects in which its members are 
interested. 

The tool engineer has a particularly 
important interest in the national stand- 
ardization program, stated the Associ- 
ation, because he is responsible for 
getting into production the idea con- 
ceived by the designer. 

Increasing attention is being given to 
corordination between the work of the 
designer of the product and the work 
of the tool engineer. The success of a 
product on the market, and as a result 
the very existence of a company, may 
depend not only on how the product is 
designed for performance and appear- 
ance, but also on how it is designed 
with a view to method of production. 

The American Society of Tool Engi- 
neers, which has already been active 
in standardization work for some years, 
was started in Detroit in 1932 and now 
has 4,000 members in local chapters 
in nearly 30 cities. Its president is A. 
H. d’Arcambal of the Niles-Bement- 
Pond Company, Hartford, Conn. 


Diesel aircraft engine, weighing 2 
lb. per hp. (slightly lighter than engines 
used in German long-range bombers) is 
radial air-cooled, 4-cycle Guiberson type 
with 9 cylinders. Advantages over gaso- 
line engines are substantial savings in 
fuel costs, use of non-explosive fuel, 
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Plastics Institute 
Opens in September 


WITH courses on all phases of plastics 
manufacture including application, 
fabrication, design, research and sales, 
the Plastics Industries Technical Insti- 
tute will open on September 16 in Los 
Angeles, recently announced E. F. 
Lougee, Chairman of the Board of 
Governors and former editor of Modern 
Plastics. J. Delmonte, former instructor 
in plastics at Armour Institute, author 
of the new book “Plastics in Engineer- 
ing,” and well known to readers of 
Propuct ENGINEERING as a contributor 
of many plastics articles, will supervise 
instruction as Technical Director. 

The educational program as planned 
embraces a thorough study of all plas- 
tic materials; their history and back- 
ground; methods of classification; their 
relationship to various engineering and 
industrial fields; their nature and prop- 
erties; and forms in which they are 

































and maintenance of 75 per cent of full 
load power at altitudes where gasoline 
engines drop to 50 per cent full load 
power. Parts are 90 per cent inter- 
changeable with parts of similar en- 
gines developed by Buda Company for 
Army tanks. 





available for manufacturing purposes. 
This general program will be fol- 
lowed by specialized training in mod 
design and molding; methods of lanii- 
nating and types of materials used: 
methods of casting plastics and their 
utility; fabrication; styling and design; 
finishing materials; extent of applica- 
tions including study of its market. 


Meetings 


AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS—Pacific Coast Convention, 
Los Angeles, Calif., Aug. 26-30. H. H. 
Henline, secretary, 33 W. 39th St., New 
York, N. Y. 


AMERICAN SoOciETY OF MECHANICAL 
EncINEERS—Fall Meeting, Spokane, 
Wash., Sept. 3-6. C. E. Davies, secre- 
tary, 29 W. 39th St., New York, N. Y. 


SOCIETY OF AUTOMOTIVE ENGINEERS 
—National Tractor Meeting, Schroeder 
Hotel, Milwaukee, Wis., Sept. 24-25. 
John. A. C. Warner, secretary, 29 W. 
39th St.. New York, N. Y. 


Do You Know That— 


TOUGHEST BRAKING PROBLEM occurs 
in aircraft, where two brakes may be 
called upon to bring a 40-ton load 
traveling at 100 m.p.h. to a stop within 
a few hundred yards. Metallurgists 
are now trying to develop a brake drum 
material that will not heat-check. (18) 


RED LETTERS on aluminum for night 
driving, and white on black for daylight 
driving have been determined the best 
color combinations for automobile li- 
cense plates. (19) 


COLORED RIVETS, in bluish-green, dark 
red or black are used in quantity pro- 
duction in order to save time in assem- 
bling, obviate mistakes and help work- 
ers identify parts more readily. Color- 
ing is done in rustproofing process. (20) 


RUBBER can now be given the prop- 
erty of conducting electricity without 
affecting its other normal qualities. 
Degree of conductivity can be varied 
in rubber of all hardnesses with the 
exception of soft rubber. (21) 





NEW METAL, containing only 7 per 
cent iron, has greater strength than any 
known steel. To demonstrate its elas- 
tic qualities at high temperatures, a 
bell made of the metal rang with a 
clear note at 1,100 deg. F., at which 
temperature a steel bell gave only 4 
dull thud. (22) 
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Millibreak Switch 
For 2 Kw. Load 


Type D Mu-Switch handles a d.c. 
load of 17 amp. at 125 volts, or 8.5 amp. 
at 250 volts, with an actuating move- 
ment of 0.0015 in., and an operating 
pressure as low as 24 oz. It occupies a 
space only 248 in. long, té in. wide, 
and 1% in. high. With contacts made 
of a special non-sticking alloy, and a 





powerful magnetic blow-out device for 
arc suppression, this switch does not 
need capacitors or resistors to protect 


the contacts. Molded plastic housing 
withstands temperatures up to 900 
deg. F., and can be screw-mounted. 
Switch is normally closed, single pole, 
single throw. Mu-Switch Corp., Can- 
ton, Mass. 


Ductiloy Changes Name 
To N-A-X High Tensile 


The special low alloy steel known to 
the trade as Ductiloy will henceforth 
be marketed under the trade name of 
N-A-X High Tensile. Under the new 
trade name, there will be no change in 
the chemical or physical properties of 
the product. This high tensile, high duc- 
tile alloy was developed by Great Lakes 
Steel Corporation engineers to meet de- 
mands for a steel combining cold form- 
ng and deep drawing properties and 
weldability with the added strength and 
Tesistance to corrosion and abrasion 
Provided by alloyed mild steel. The 
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product has high resistance to impact 
and fatigue. In announcing the change 
in the trade name, the company states 
that the step is being taken “to identify 
more closely the name of this alloy steel 
with the corporate name of the parent 
company.” National Steel Corp., 2800 
Grant Bldg., Pittsburgh, Pa. 


Drafting Machine 


Small drafting machine, made of 
stainless steel with accurate graduations, 
has a vernier attached to the back 
plate which makes it possible to set 
the machine to % deg. A latching fea- 
ture makes it possible to latch the pro- 
tractor accurately at 0, 30, 45, 60 and 
90 deg. The arms are made of chrome 
steel with a bright chrome finish on 
one side and dull chrome on the bot- 
tom side. All other parts are finished 
with a dull chrome plating. Finish on 
the protractor is a circular polish, mak- 
ing it easy to read without tiring the 





eyes. Boards are of green colored 
Masonite. Available in mounted or un- 
mounted models for 12x18, 15x20, and 
18x24 in. sheets. The portable drafting 
machines will take the standard Drafto 
interchangeable scales. Models PE 30- 
35. Drafto Co., Cochranton, Pa. 


Screw Steels 


A new bessemer screw steel and a new 
open hearth screw steel, equal or supe- 
rior in machining qualities to screw 
steels formerly available, superior in 
soundness and free from variation in 
machinability have recently been placed 
into production. The steels are claimed 
to be dense in structure and free from 
defects which cause internal seams and 
difficulties that lead to rejection of fin- 
ished parts and which shorten tool life. 





The bessemer steel, Union Maxcut, has 
physical properties comparable to 
S.A.E. X 1112. Parts show a smooth, fine 
finish when machined at 280 surface ft. 
per min. with a basic feed of 0.0095 in. 
and an average tool life of more than 
11 hr. The open hearth steel, Union 
Multicut, has physical properties simi- 
lar to those of S.A.E. 1115. Parts can 
be machined to a fine finish at 275 ft. 
per min. with a basic feed of 0.0087 in. 
and an average tool life of better than 
8 hr. Union Drawn Steel Div., Republic 
Steel Corp., Cleveland, Ohio. 


Sensitized Linen 
Photoprints Tracing 


Sensitized linen will reproduce a 
master positive copy from a pencil 
drawing for use in every respect like a 
tracing. This copy is made by contact 
photoprinting in ordinary office light, 
with complete elimination of ink trac- 
ing by hand. Heccotex is properly sized 
and waterproofed to take an office-light 
emulsion with a non-halation backing. 
The linen does not shrink or stretch 
when immersed and therefore makes 
possible true-to-scale printing of blue- 
prints or other types of drafting room 
reproductions. It is also possible to 
make Heccotex reproductions from old, 
worn-out tracings. Available in sizes 
from 12-in. to 36-in. rolls, as well as in 
cut sheets of whatever size desired. 


Hunter Electro-Copyist, Inc., Syracuse, 
W Y, 


Hose Couplings 


Cast bronze hose couplings for join- 
ing similar or dissimilar sizes of rubber 
hose on air, water, steam and gas lines 
operating up to 200 lb. per sq. in. In 








addition to quick opening and closing 
features, Fuline hose couplings employ 
a positive locking device, thus assuring 
increased safety for workmen. When 
connection is made, there is no chance 
of lock spring escaping from sleeve 
and causing possible accident. This 
safety feature is particularly valuable 
when coupling is employed on air com- 
pressors and for steam connections in 
boiler rooms. Standard sizes are avail- 
able for 3% in., % in., and 34 in. hose. 
Larger sizes can be built to specifica- 
tions. Pittsburgh Brass Mfg. Co., 3247 
Penn Ave., Pittsburgh, Pa. 


Spring Locking Button 


New type of patented fastener and 
spring locking button, for use where 
various types of speed nuts are appli- 
cable, will not loosen from vibration 
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when assembled, and presents a fin- 
ished appearance. The fastener stud 
has a tapered shank with sawtooth cir- 
cumferential grooves. The spring lock- 
ing button, made of thin sheet steel with 
spring locking lugs extending inward 
from the edges of the shell, can be 
quickly snapped onto the stud to make 
a tight, shakeproof fastening. Fastener 
can be made from many alloys and the 
spring locking button can be made in 
any size or shape. Hopkan Rivet Co.. 
128-130 Latham St., Pittsburgh, Pa. 


Lock Nut 


New, self-contained, all metal, lock 
nut, known as the An-cor-lox, utilizes a 
new locking principle that permits effec- 
tive, and positive locking of the nut to 
the bolt, not to the work. Pressed into 
a recess in the nut, and an integral part 
of the nut, is an arcuate-shaped 
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metal locking ring. When the nut is 
spun on the bolt and drawn up to the 
desired degree of tightness, the locking 
ring is expanded by the locking pres- 
sure into the root of the bolt thread, 
giving a tight grip which holds se- 


curely under all heat conditions and 
vibration. Extra-length bolts are not re- 
quired. The lock nut does not damage 
the bolt thread nor mar the surface of 
the work, and the same nut can be used 
over again without loss of locking effect- 
iveness. Available in all standard sizes 
and in all metals. An-cor-lox Div., 
Laminated Shim Co., Inc., 64 Union St., 


Glenbrook, Conn. 


Magnetic Alloy 


Composed of cobalt, vanadium and 
iron, this alloy can be made to hold 
more permanent magnetism than any 


commercial material. It can be drawn 
and rolled, a property of decided advan- 
tage in many applications, and not pos- 
sessed by other permanent materials. 
For example, it has been rolled into 
tape 1/500 in. thick and 1/20 in. wide. 
The new material is composed of 6 to 16 
per cent vanadium, 30 to 52 per cent 
iron, and 36 to 62 per cent cobalt. From 
the molten state it is cast into an ingot, 
which is hot-swaged to 14 in. diameter. 


It is then drawn into wire or rolled into 
tape, as desired. Finally, it is heat- 
treated to develop its magnetic qualj- 
ties. It is possible to weld pieces of most 
high-permeability materials to the mag. 
net and heat-treat them both together, 
Bell Telephone Laboratories, 463 West 
St., New York, N. Y. 


Alloy for Heavy-Duty 
Gears and Shafting 


S.A.E. 4815, a carburizing nickel- 
molybdenum steel, has recently come 
into prominence for heavy-duty gear and 
shafting applications. In the normal- 
ized condition, its machining properties 
compare favorably with S.A.E. 4615, 
and S.A.E. 2315. Carburizing practice 
is much the same as for S.A.E. 2315, 
An outstanding advantage of the new 
alloy is the high core strength which 
can be developed by a single quench 
treatment. In sections up to 1 in, 
tensile values up to 200,000 Ib. per sq. 
in., and yield strength in the neighbor- 
hood of 165,000 lb. per sq. in. can be 
developed in the core, tegether with 
hardnesses up to 415 Brinell, providing 
excellent backing for the case under 
crushing loads. The tough, fine-grained 
case provides excellent resistance to 
wear, spalling and pitting fatigue. 
Joseph T. Ryerson & Son, Inc., 16th 
and Rockwell Sts., Chicago, Ill. 


Wire Rope Connectors 


Improved Electroline-Fiege connec- 
tor, which damps line vibration stress, 
grips the cable with a graduated com- 
pression, feathering off from maximum 
at the rear to zero at the front. This 
design prevents weak point crystalliza- 
tion at the point of connection and thus 
insures longer rope life. The connector 
consists of three simple units: a sleeve 
which slips over the end of the wire 
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rope, a tapered plug which is inserted 
to separate and hold the strands of wire 
jn the sleeve and a covering socket 
which securely locks the cable. Instal- 
lation can be made with ordinary 
mechanic’s tools. Available in black, 
hot-galvanized and cadmium-plated 
steel. Also available in bronze, stain- 
less steel and monel metal for rope 
sizes under 4% in. Electroline Co., 4054 
S. LaSalle St., Chicago, Ill. 


Resistors 


Representing a unique departure in 
the construction of wire wound units, 
the wire used in the windings of these 
resistors is insulated with a hard, mois- 
ture-proof insulation. It quickly con- 
ducts heat away from the wire and is 
not damaged by bright red heat. This 
feature makes possible interleaved wind- 


u 


ings wherein wires touch but do not 
short, and permits the use of larger, 
stronger wire to give higher resistances 
in smaller size. Interleaved windings 
also permit a guaranteed accuracy of 5 
per cent or better. Resistors are elec- 
trically insulated in a dark brown 
ceramic shell. An outstanding feature is 
a red Teledot on the end of each re- 
sistor which automatically changes 
color when a 25 per cent overload 
occurs. When the overload is removed, 
the Teledot returns to its original red 
color. Available in 5-watt fixed types; 
10-watt fixed; 10-watt adjustable; 10- 
watt non-inductive. Also in 25, 50, 100, 
and 200 watts. Sprague Products Co., 
North Adams, Mass. 


Worm Speed Reducer 


Intermediate line of worm reduction 
speed reducers. designated as Type 
25% A, weighs 22 lb., has base dimen- 
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sion of 74% x 5 in., and a height of 7 in. 
They are capable of handling inputs 
from 14 to 2 hp. at 1,800 r.p.m., and 1⁄4 
to 14% hp. at 1,200 r.p.m. Ratios range 
from 4 5/6-1 to 100-1. The worms are 
made of alloy steel with hardened and 
ground threads. Worm wheel is of nickel 
bronze. Shaft mountings are on full ball 
bearings. Gears, wheel, and worm are 





assembled in a semi-steel, oil tight hous- 
ing with bearing supports for both worm 
and wheel machined in one casting to 
insure permanent alignment. Oil seals 
are used on both input and output ends 
to eliminate oil leakage. Abart Gear & 
Machine Co., 4832 W. 16th St., Chicago. 


Molding Compound 


Arc-resistant phenolic molding com- 
pound, called Durez 8685, is formulated 
specifically to prevent tracking where 
there is combined electric spark and 
rubbing action. It has very high resist- 
ance to carbonization under an arc. 
While slightly slower to cure in the 
mold, its electrical properties are ma- 
terially increased by baking after mold- 
ing. It will hold its high dielectric 
strength when used at moderately high 
temperatures. Does not crack under the 
expansion and contraction of metal in- 
serts around which it may be easily 
molded. Durez Plastics & Chemicals, 
Inc., North Tonawanda, N. Y. 


Midget Relay 


Designed for use on either a.c. or 
d.c., this relay is available with con- 
tacts arranged for single pole, nor- 
mally open, normally closed or double 
throw. The relay is rated to handle 
approximately 1 hp., and is furnished 
with coils for operation on standard 
voltages up to 115 volts at standard 
frequencies. For ratings up to 230 volts, 
coils can be supplied for not less than 
50 cycles. With overall bakelite base 





of 24x1% in. 
overall depth of 1% in., the new relay 
can be mounted in the familiar wall 
type pushbutton box. Relay is known 
as Bulletin 105. Ward Leonard Electric 
Co., Mt. Vernon, N. Y. 


dimensions on an 


Pyramidal Base Motor 


This new pyramidal base motor is 
claimed to do away with the possibility 
of misalignment which often develops 
in connecting a horizontal centrifugal 
pump or similar device to its motor. 
The motor support on which the pump 
casting is attached carries the load of 
the pump instead of permitting any of 
the weight to be imposed on the shaft. 
All hold-down bolts are applied to one 
rigid casting. There are no joints be- 





tween parts which might be pulled 
apart by fastening the unit to an un- 


even surface. No coupling is required, 
one shaft only being used. U. S. Elec- 
trical Motors, Inc., 200 E. Slauson Ave., 
Los Angeles, Calif. 


Lock Nuts 


These new nuts, punched out of a 
drawn flanged section, provide a new 
method for increasing the thread area 
in sheet metal, making practical the 
use of lighter gage metals and simpli- 
fying assembly in inaccessible places. 
The small portion of the nut is in- 
serted in the square hole that has pre- 
viously been cut in the metal, protrud- 
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ing just enough for the four corners 
to be clinched with a swaging tool. The 
nut will not work loose, and any varia- 
tion in the thickness of the metal is 
automatically corrected. Available in 36 
different types and sizes. FabriSteel 
Products, Inc., Kerr Machinery Bldg., 
Detroit, Mich. 


Ball Bearing 


New maximum-capacity, double-roll 
ball bearing is designed for more liberal 
load ratings because of the greater num- 
ber of balls in each row supporting the 
races. Balls are assembled through fill- 
ing slots in the faces of both the inner 
and outer race. During operation, how- 
ever, the slot causes no ball interference 
because the rigidity resulting from the 
angular contact fit-up does not allow 


for race displacement. Bronze retainers 
assure durability, cool operation and 
long bearing life. Ball pockets are 
cylindrical in contour, which results in 


a line-contact, thereby reducing friction 


and decreasing ball wear. McGill Mfg. 
Co., Valparaiso, Ind. 


Unbreakable Mercury Relay 


Mercury relay utilizes the unbreak- 
able metal body of the Durakool mer- 
cury switch and the displacement prin- 
ciple with solenoid actuation. The con- 
tact structure is hermetically sealed, 
making the relay especially suitable for 
use in corrosive or explosive atmos- 
pheres. It can be operated up to 300 
times per min. There is little friction 
and no wear in operation. No glass is 
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used in its construction. The durable 
metal body is specially treated to hold 
a gas at a pressure of 4 atmospheres, 
an important feature in the reduction 


of ionization between the contacts. Con- 
tact resistance is as low as 0.002 ohms. 
On a.c., as little as one watt is required 
for normal closing operation, and only 
1.5 watts for normal opening operation. 
On d.c., the operating energy required 
is but 0.25 watts. Durakool, Inc., 1010 
No. Main St., Elkhart, Ind. 


Motor Shunt Beads 


New glazed ceramic shunt bead has 
high mechanical strength, density and 
electrical resistance, even at elevated 
temperatures. The smooth glazed inside 
area lowers friction, facilitates string- 
ing, safeguards the wire against tear- 


ing during assembly and use. Smooth 
edges throughout are a feature of the 
new design. The new beads are of tra- 
ditional dark color so they will not 
show grease or dirt. These beads have 
been developed to replace imported 
glass beads which cannot now be ob- 
tained. American Lava Corporation, 
Chattanooga, Tenn. 


Indicating Lamps 


Molded plastic unit for use in indicat- 
ing lamp service, panelboards, switch- 
boards, annunciators, and similar ap- 
plications, has an extremely small lens 
diameter which makes it suitable for 
applications where larger units cannot 
be used. It is so constructed as to allow 
a full 180 deg. of light over the lens 
cap. Plastic shell and lens-cap are 
molded in the same color, making each 
unit a matched set and reducing the 
danger of inserting a lens cap of the 
wrong color. Available colors are red, 
green, amber, blue and milky white. 
On all standard low voltages up to 48 
volts, the T2 unit is used without a re- 
sistor assembly. For service on higher 
voltages, a standard resistor is used 


QAE 


with the unit. A split resistor is avail- 
able on a 3-wire electrical circuit, which 
allows a dull glow to be evident at all 
times, switching fo a brilliant light on 
actual indicating service. H. R. Kirk- 


land Co., Morristown, N. J. 


Mechanical Counter 


Each operating function of this new 
mechanical counter has been thor- 
oughly studied and perfected. Heavy 
number wheels are replaced by Bake 
lite, reducing by 85 per cent the weight 
that must be started and stopped with 


every count. Unbreakable windows of 


reinforced plastic material are stream 
lined to avoid shadows. Rugged steel 
case is chromium plated. In testing, 
the new Silver King counted at the rate 
of 60,000 per hour, and on long runs at 


36,000 per hour. Production Instru 


ment Co., 700-06 W. Jackson Blvd. 
Chicago, III. 
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Manufacturers’ Publications 





Materials 


Piastics—E. I. du Pont de Nemours & 
Co., Inc., 626 Schuyler Ave., Arlington, 
N. J. “Parade of Plastics,” 8 pages, 84x11 
in. High-spots the story of the origin of 
many plastic types, including a description 
of their characteristics and many of their 
present uses. 


PLASTICIZERS AND Resins — Monsanto 
Chemical Co., St. Louis, Mo. Booklet, 40 
pages, 84x11 in. Sets forth the essential 
characteristics of certain plasticizers and 
resins made by Monsanto, giving a work- 
ing basis for the selection of the proper 
one for any particular purpose. 


Sitver Brazinc ALLoys—Handy & Har- 
man, 82 Fulton St., New York. Folder, 
4 pages, 84x11 in. Descriptive of Sil-Fos 
and Easy-Flo Brazing alloys, this bulletin 
illustrates many typical applications. 


Mechanical Parts 


Air Compressors — Sullivan Machinery 
Co., Michigan City, Ind. Bulletin A-33, 12 
pages, 84x11 in. Gives specifications for 
and completely describes the new Sullivan 


Type Q compressors for applications where 
small units are desired. 


Batt Beartncs—McGill Mfg. Co., Bear- 
ing Div., Valparaiso, Ind. Bulletin DM-40, 
4 pages, 83x11 in. Gives complete engineer- 
ing information covering the new maximum 
capacity double row ball bearing series. 


BaLL BEARINGS — New Departure Div. 
General Motors Corp., Bristol, Conn. 
Leaflet A-287, 1 page, 84x11 in. Describes 
and lists radial load ratings for vertical 


tension pulley bearings Type TP-13-500. 


Bearincs—The Gwilliam Co., 360 Fur- 
man St., Brooklyn, N. Y. Catalog 17, 16 
pages, 84x11 in. Illustrates and describes 
toller thrust bearings, ball thrust bearings, 


step bearings, journal roller bearings, in- 
dustrial roller bearings and special bear- 


ings. Standard prices are listed in tabu- 
lated form. 


Bronze Bearincs—Johnson Bronze Co., 
New Castle, Pa. Bearing data sheets, each 
Tpage, 84x11 in. First three of a series of 


e bearing data sheets cover method of 
lation, operating temperature, and 
themical and physical characteristics of 
aloy self-lubricating bearings. 
Me 
‘Bronze Beartncs — Moraine Products 
Div, General Motors Corp., 1540 Wis- 
fmsin Blvd., Dayton, Ohio. Tool list, 71 
Pages, 84x11 in. Gives much valuable en- 
neering data for and lists bearing sizes 
of Durex porous bronze bearings. 
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CABLE ConnecTORS — Electroline Co., 
4121 S. La Salle St., Chicago, Ill. Bulletin 
F-2, 8 pages, 84x11 in. Describes installa- 
tion methods and lists the several corrosion- 
resistant finishes and types available in 
various sizes of the improved Electroline- 
Fiege wire rope connectors. 


FLEXIBLE CoupLtincs—Link-Belt Co., 307 
N. Michigan Ave., Chicago, Ill. Catalog 
1845, 12 pages, 83x11 in. Contains com- 
plete price and dimensional data on Types 
A, B, and RC couplings, together with 
information on casings for the RC type. 


Vatves — York Oil Burner Co., Inc., 
York, Pa. Bulletin No. 40040, 4 pages, 
83x11 in. Describes and illustrates the 
York-Heat iris shutter metering valve. 


Electrical Parts 


Capacitors—Westinghouse Elec. & Mfg. 
Co., Pittsburgh, Pa. Leaflet 49-275, 84x11 
in. Describes internally water-cooled Iner- 
teen capacitors for high frequency service. 
Diagrams, typical application problems and 
tables demonstrates the capacitor’s uses. 


Circuir BREAKER — Heinemann Circuit 
Breaker Co., Trenton, N. J. Leaflet 6x7 
in. Illustrates and gives brief description 
of the “Re-Cirk-it” electromagnetic auxil- 
iary breaker for small motor protection. 


INSULATING Propucts—American Pheno- 
lic Corp., 1250 Van Buren St., Chicago, 
Ill. Catalog 62, 40 pages, 84x11 in. Illus- 
trates, describes and gives engineering 
data for the complete line of Amphenol 
electrically insulated products. 


Inpuction Motors—Westinghouse Elec. 
& Mfg. Co., East Pittsburgh, Pa. Descrip- 
tive data 3705, 4 pages, 84x11 in. Type CS 
squirrel cage induction motors, 250 hp. and 
larger. Describes, gives recommendations 
and applications for, and illustrates motors 
of various frame classifications. 


Motors — Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. Leaflet F8537, 
2 pages, 84xll in. Describes Type FS 
polyphase squirrel cage induction motor, 
designed especially for constant speed ap- 
plications requiring normal or high torque 
characteristics. 


PANEL INSTRUMENTS—Roller-Smith Co., 
1766 West Market St., Bethlehem, Pa. 
Catalog 4120, 8 pages, 84x11 in. Gives 
specifications for and illustrates Panel Type 
3 in. and 4 in. instruments. Dimension 
diagrams are included. 


Precision SwitcHEs—Mu-Switch Corp., 
Canton, Mass. Catalog, 10 pages, 84x11 in. 
Basic design data, supplemented by strobo- 
scopic photographs to illustrate the prin- 


ciple of the Mu-Switch. Dimensioned 
drawings of the 16 styles available are 
included. 


Service Centers — Trumbull Electric 
Mfg. Co., Plaineville, Conn. Briefly de- 
scribes the entire line of Trumbull Multi- 
Breaker Load and Service Centers, covering 
five different types of equipment. 


Tusinc—lIrvington Varnish & Insulator 
Co., 24 Argvle Place, Irvington, N. J. Bulle- 
tin, 6 pages, 84x11 in. Covers nine out- 
standing features of the new extruded tub- 
ing called Type XTE-30, and contains 
samples, gives sizes, specific colors, and 
lists prices. 


Finishes 


CHEMICAL Coatincs—Interchemical Cor- 
poration, 75 Varick St., New York, N. Y. 
Motion picture, all color, with sound. 
Titled, “More Than Meets the Eye,” this 
colored movie describes the sale influence 
of colored chemical coatings. Available 
for showings to manufacturers, associations, 
or other interested groups. 


Miscellaneous 


Bearinc Lusrication—Tide Water As- 
sociated Oil Co., 17 Battery Pl., New York, 
N. Y. “Principles of Plain Bearing Lubri- 
cation,” 16 pages, 84x11 in. A comprehen- 
sive presentation of modern lubrication 
practices as applied to plain bearings. 


FLUORESCENT LicHtinc—Benjamin Elec- 
tric Mfg. Co., Des Plaines, Ill. Handbook, 
46 pages, 84x11 in. Charts, diagrams, tables 
and photographs present the data needed 
to determine how and where to use 
fluorescent lighting to best advantage. 


Heat Controts — Burling Instrument 
Co., 241 Springfield Ave., Newark, N. J. 
Bulletin, 4 pages, 84x11 in. Illustrates, 
gives specifications for, and describes 


laboratory and industrial heat control and 
temperature limit switches. 


PHOTOMETER—Photovolt Corp., 10 E. 
40th St., New York, N. Y. Technical bulle- 
tin, 8 pages, 83x1l in. This booklet gives 
a complete technical description, with il- 


lustrations, of the new Photrix small-spot 
photometer designed particularly for meas- 
uring low values of illumination on small 
areas. 


THERMOCOUPLES — Wheelco Instruments 
Co., 1929 So. Halsted St., Chicago, I. 
Bulletin S2-2, 16 pages, 8łxll in. Lists 
and describes thermocouples, thermocouple 
wire, lead wire, insulators, protecting tubes, 
and their accessories, supplemented with 
recommendations for selecting thermo- 
couples, lead wire and protecting tubes. 


WeLrpine ELECTRODES—Lincoln Electric 
Co., Cleveland, Ohio. Wall chart gives 
properties of, describes welding procedure 
with, and lists sizes and ampere ranges for 
various kinds of arc welding electrodes. 
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Books and Bulletins 


Modern Steels 


Epirep By Ernest E. THUM—359 
pages, plus index, 150 illustrations, 
6 x9 in. Red cloth binding. Published 
by The American Society for Metals, 
Cleveland, Ohio. 


Manufacture, inspection treatment 
and uses of steels are given complete 
treatment in this new book, a result 
of a series of lectures presented before 
the Pittsburgh chapter of the A.S.M. 
The chapters cover raw materials and 
pig iron, steel making processes, steel 
pouring, hot working, inspection and 
testing, metallography, heat treatment, 
alloy steels, stainless steels and tool 
steels. The lectures were delivered by 
a group of well-known metallurgists 
and cover the fundamentals of metal- 
lurgy in simplified form. 


Mechanics Applied to 
Vibrations and Balancing 


D. LAUGHARNE ‘THORNTON—529 
pages, 644x934 in., 187 illustrations. 
Green clothboard covers. Published 
by John Wiley & Sons, Inc., 440 
Fourth Ave., New York. Price $7.50. 


This volume treats the general theory 
of vibration in its various aspects and 
relations to the design of mechanisms. 
machinery and structures as influenced 
by disturbing forces set up by dynamic 
inertia effects. The principles and 
equations developed are amply supple- 
mented with applications and complete 
solutions of examples. In presenting 
the subject, the author has assumed 
that the reader would have a knowl- 
edge of calculus and analytical 
geometry. 

In the section devoted to balancing 
of engines, the author analyzes the 
dynamical forces present in horizontal, 
vertical, vee, radial and offset engines. 
Balancing locomotives is covered in 
detail. In developing the general 
theory of vibrations, the conditions of 
equilibrium and stability are fully 
dealt with, and the principles applied 
to structural frames, airscrew blades, 
engine-driven alternators and nose- 
suspended motor drives. 

The subject of propagation of stress 
in elastic materials receives its share 
of attention, and is illustrated by its 
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influence on reinforced concrete, elas- 
tic hysteresis and internal friction of 
metals, torque in shafts and heavy 
couplings, water hammer, condensers, 
and fuel systems of internal combus- 
tion engines. Vibrations and their na- 
ture as related to beams, plates, shafts, 
disks, and gearing are analyzed. 

The book concludes with a 46-page 
general survey of many engineering 
structures and geophysical phenomena 
which can be studied by an application 
of the general theories developed 
throughout the book. 


The Electric Power 
Engineers’ Handbook 


W. S. IBBETSON—241 pages, 110 illus- 
trations, 5% x 8% in. Blue cloth bind- 
ing. Published by Chemical Publishing 
Co., 148 Lafayette St., New York City. 


A practical handbook designed to 
provide the information for proper ap- 
plication and servicing of electrical 
machinery. For the engineer whose 
duties entail design work and supervi- 
sion of electrical machinery, this book 
will prove a good source for reference 
data. Chapters deal with generators, 
a.c. and d.c. motors, dynamo operation, 
alternator operation, converter plant 
operation, faults, breakdown and test- 
ing, accumulators and a chapter of 
mechanical engineering hints. 


The Story of Superfinish 


ARTHUR M. Swicert, Jr.—672 pages, 
illustrated, indexed, 642x934  in., 
maroon clothboard covers. Published 
by Lynn Publishing Co., Detroit, Mich. 
Price $5. 


The industrial development of metal 
surface finishing over the last few 
decades, with particular emphasis on 
superfinishing, is covered in this text. 
This refined method of metal surface 
finishing, christened “superfinish,” is 
a direct outgrowth of Chrysler research 
started in 1934 to eliminate brinelling 
of automobile bearings. Superfinishing, 
as conceived by Mr. D. A. Wallace, is 
the removal from the surface of a di- 
mensionally finished metal part frag- 
mented metal resulting from turning, 
grinding, honing and lapping. The 


amount removed is usually less than 
0.0001 in. in depth. The book con- 
tains discussions of the history, meta]. 
lurgy and engineering possibilities, 


Refractories Investigations 


16 illustrations, 20 pages, 6x9 in. Pub. 
lished by Mellon Institute, 4400 Fifth Ave., 
Pittsburgh, Pa. 


This well illustrated bulletin reports the 
investigations in refractories being con. 
ducted at Mellon Institute on the Amer. 
ican Refractories Institute’s Multiple In. 
dustrial Fellowship. Details of the re. 
search are not given, the booklet being 
merely a resumé of what is being done. 


Hairlining of Sheet Steel Enamels 


B. J. SweEo—20 pages, 6x9 in. Published 
by Technical Staf, Ferro Enamel Corp., 
Cleveland, Ohio. 


This technical bulletin is a report of 
an original investigation conducted in 
Ferro Enamel’s research laboratories by 
Mr. Sweo. To reproduce the conditions 
under which hairlining occurs in porce- 
lain enameling production, test specimens 
of 20-gage enameling iron were coated and 
fired in contact with a baffle frame. Re- 
sults of the tests, which showed that hair. 
lines are formed by the conditions of 
strain established within a piece by heat- 
ing, and are only formed when more than 
one coat is applied, are tabulated. 


V-Belt Guide 


95 pages, 84x11 in. Paper covers. Pub- 
lished by the L. H. Gilmer Co., Tacony, 
Philadelphia, Pa. 


New horsepower ratings for multiple 
V-belts are among the features contained 
in this new book, which is titled, “Guide 
to Efficient V-Belt Practice.” Multiple 
and fractional horsepower V-belts are both 
included in this one book. It contains a 
complete section of sheave information 
that covers flat pulley for V-to-flat drives, 
and adjustable diameter and companion 
sheaves. It should be to any engineer a 
useful handbook on complete V-belt drives. 


Plating With Gold 


12 pages, 6 x 9 in. Paper Covers. Pub- 
lished by Baker & Co., Inc., 113 Astor St. 
Newark, N. J. 


Beginning with a brief outline of the 
development of commercial gold plating 
salts, this booklet goes on to describe the 
equipment necessary, the preparation of 
the work, and gives formulas and pro 
cedures for the various types of gold plat- 
ing baths. The booklet is intended to serve 
only as a guide, in which capacity it cat 
be useful to engineers who specify plating 
finishes. 


PRODUCT ENGINEERING 








PRODUCT ENGINEERING + REFERENCE BOOK SHEET 












WHEN RESISTANCES are connected in 
multiple (or parallel) so that the cur- 
rent divides and passes through them 
simultaneously, then for any number of 
resistors, the resistance of the combina- 
tion is the reciprocal of the sum of the 
reciprocals of each resistor. This nomo- 
graph easily computes the combined re- 
sistance when two lines are drawn. 
Where three resistors connected in 
parallel have values of 9, 12 and 6 ohms, 
respectively, draw secant I from 9 on 
scale (1) to 12 on scale (2), and from 


CARL P. NACHOD, Vice-President 
Nachod & United States Signal Company 


where this cuts scale (5) between them, 
draw secant II to 6 on scale (3). Where 
this cuts scale (4) between them, at 
2.77 ohms is the combined resistance. 

The point 5.14 on scale (5), cut by 
secant I, is the combined parallel re- 
sistance of only two resistors. Similarly 
secant II cuts out on scale (4) the com- 
bined resistance of the two resistors on 
scales (5) and (6). The chart may be 
used to add a fourth resistor or more by 
placing 2.77 on scale (1) and the fourth 
resistor on scale (2). 


| 
RESISTORS IN PARALLEL 


If it were desired to have a combined 
resistance of 2.77 ohms, and one of the 
three resistors in the combination were 
to be 6 ohms, the corresponding other 
two can be found by pivoting secant I 
about the intersection on scale (5) and 
noting where it cuts scales (1) and (2). 

The chart will also solve the problem 
of liquids in pipes filling a tank; as 
with the same example, if each sepa- 
rately can fill the tank in 9, 12 and 6 
hours respectively, flowing together they 
will fill it in 2.77 hours. 
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Secants I and II of this nomograph de- 
termine the size of wire needed to trans- 
mit a certain current a definite distance 
with a given voltage drop. The watts lost 
in the wire and the weight of wire re- 
quired, for the same assumed example, 
are given by secants III and IV, re- 
spectively. 

Let it be required to transmit 20 amp. 
a one-way distance of 970 ft. Then 
secant I is drawn between 20 on the Z 
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scale and 970 on the D scale, intersect- 
ing the pivot scale. Now if the per- 
missible voltage drop is 11 volts, draw 
secant II from this point on the E scale 
through this intersection on the pivot 
scale, continuing it to the gage scale 
on the left, which it intersects at No. 4 
wire, the required size. By secant III, 
between 11 on E and 20 on J, we see 
that the watts lost are 220 on the V 
scale. By secant IV, between 970 on D 
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and No. 4 on gage scale, we see that the 
weight of wire required is 242 lb, 


DIRECT CURRENT TRANSMISSION 


0.0236 dI 
a = —— 


In the first, the resistivity of the cop- 
per has been taken as at 60 deg. C. This 
is probably warmer than it would reach 
in practice, but it is on the safe side. 
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Switching Jobs Doesn’t Spell Progress 


IN THIS PERIOD of intense industrial activity and war prep- 
arations everyone will face many perplexing problems 
and will experience disruptions of what would be an other- 
wise normal course of life. Naturally, men in the manu- 
facturing industries will be affected more than will those 
in other business activities, because of the more highly 
mechanized character of warfare, and also because of 
the scarcity of experienced design engineers and skilled 
technicians available. 


Already there is felt the demand for engineers and 
skilled workers. Some manufacturers are offering tempt- 
ing positions and wages to men who have proved their 
worth in other industries. “Big jobs” are opening and 
the specifications to fill the bill are not as stringent as in 
ordinary times. Good engineers will be offered jobs 
above their capacity, but with a big staff to support them 
and not too much attention to efficiency, they will be 
able to “get away with it.” That was the common expe- 
rience of the last world war. 


Of course, “war jobs” at “big pay” are only tempo- 
rary. Nations get “sick of war” and there follows a 
period of such loathing of the thought of war that arma- 
ments are scrapped instead of being built. War indus- 
tries vanish like the snow in a spring thaw; as the snow 
melts the collected dirt and filth concentrates on the sur- 
face of the slush. 


In addition to the instability of “war jobs,” all men 
engaged in war preparedness activities face another great 
temptation. In a time of intense activity there is a strong 
inclination to “do the job and let it go at that.” Per- 


haps because of a feeling of insecurity and uncertainty, 
many men stop learning and growing. This condition is 
also fostered by the great number of specialized jobs 
that are created to simplify personnel requirements and 
speed up the work. But whatever the reason, there will 
be many temptations to yield to the allurements created 
by intense industrial activity. 


Though the fields far away look greener, though a few 
more dollars now could well be used, and though a big- 
ger title sounds fine, it must be remembered that in the 
long run the acres of diamonds are probably to be found 
in one’s own backyard. 


Naturally, there will be many new and responsible posi- 
tions to be filled in the fast growing manufacturing plants. 
These should be applied for only by men who are really 
qualified to fill them. Men who properly fill such jobs 
should treat them not as mere tasks to be exploited for 
self-aggrandizement, but as opportunities for further self- 
development. Such men will continue uninterruptedly 
their steady growth to master greater responsibilities re- 
gardless of the temporary nature of their jobs. When 
they leave, they will be better equipped to handle success- 
fully even bigger undertakings. 


But before launching out into a job with another com- 
pany, the long range opportunities of one’s present con- 
nection should be studied carefully. The chances are 
that Dame Opportunity is beckoning or will beckon soon. 
After all, merely switching jobs for a few extra shekels 
does not spell progress. One cannot see the rocks and 
brambles in the apparently greener fields far away. 
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SPOT WELDED 


Aluminum Aircraft Structures 


ERHAPS the most important de- 

velopment in the aircraft indus- 

try for decreasing assembly 
costs is the spot welding of aluminum 
and its alloys. Although spot welding 
aluminum has been done for many 
years, it was not until four years ago 
when electronically controlled spot 
welders became available that it was 
possible to spot weld aluminum alloys 
with any assurance as to the quality of 
the welds. During the past year excep- 
tional further progress has been made 
in the design of spot welding machines 
with the result that many of the prin- 
cipal load carrying or primary struc- 
tures on airplanes are now being de- 
signed for spot welding. Indicative 
of the high strength, quality and uni- 
formity now obtainable in aluminum 
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C. W. DODGE 
Spot Welding Engineer 


Vought-Sikorsky Aircraft Division of 


United Aircraft Corporation 


Strong and dependable spot 


welding of aluminum and 


aluminum alloy sheets is be- 
ing done on a production 
basis with new types of re- 
sistance welding machines. 
Both Army and Navy speci- 
fications permit such welding 
on aircraft even for main 
load-carrying members. 
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spot welds, many highly stressed as- 
semblies on airplanes for the U. S. 
Navy are fabricated by spot welding. 
There are three basic types of equip- 
ment suitable for spot welding alumi- 
num. First is the electronically con- 
trolled a.c. machine with transformers 
to convert the power into low voltage 
and high current. The second type of 
machine consists of charging a high 
capacity condenser to a preset voltage 
which, after a predetermined time, dis- 
charges a high intensity current to 
make the weld. The third type of spot 
welding machine suitable for aluminum 
alloys operates on the principle of stor- 
ing the electrical energy in an induc- 
tion coil. The operation may be likened 
to that of the ignition system in an auto 
mobile with the exception that the coil 
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4Spot welding an aluminum 
wing pane! on a Sciaky machine 


in the welding machine is charged at 
= comparatively high voltage and is 
wound so that the secondary discharges 
a high intensity current at low voltage. 
All machines suitable for aluminum 
spot welding have two major adjust- 
ments, electrode pressure and the 
amount of electrical energy furnished 
_ per weld, or the welding heat as more 
> commonly called. In the electronically 
f controlled a.c. welders the duration of 
F current flow when making the weld, or 
‘the “current-on” time, also is adjust- 
S able to any number of cycles of 60 
e cle current. 
» In Fig. 1 are shown the current-time 
curves for the operation of the con- 
denser discharge type welding ma- 
chines. The amount of electrical energy 
d in making a weld, measured by the 
a a under the curve, is controlled by 
Varying the height of the curve peak 
which is a direct function of the charg- 
z voltage applied to the condenser. 
f the resistance in the secondary cir- 
it is low, the normal discharge curve, 
gz. 1 (B), has the form of a damped 
sinusoidal wave; but if this resistance 
comparatively high, the current de- 
eases along an exponential curve to 
wero, Fig. 1 (C). Still a third wave form 
ilable, Fig. 1 (D), and the one most 
Used in this type of welding machine 
is that obtained by electronically short- 
ig the condenser terminals as the cur- 
Tent passes through zero. The total 
umber of wave forms available with 
Nariations of the condenser discharge 
type machines is greater than with any 
Nother type of control at the present 
ime. 
T The inductance coil type of welder 
current-time curves are illustrated in 
Fig. 2, the peak of the curve being a 
function of the time of charging the in- 
ductance coil at a constant voltage. The 
discharge curve rises instantaneously 
to the peak and fatls off exponentially 





























i to zero at a rate inversely proportional 
aip- to the amount of resistance in the sec- 
aai ondary circuit, as indicated in Fig. 2. 
con: High resistance in the secondary causes 


an almost vertical drop in the voltage. 


ners 

tage For both of the above types of ma- 
oa chines the pressure and heat adjust- 
high ments are the major factors contribut- 
tage ing to the quality and strength of the 


dis- welds. There is a welding “time” fac- 
t to tor involved which is not nearly as im- 


spot portant as in the a.c. type welders. In 
num the inductance type machine the cur- 
stor- rent peak, as has already been men- 
duc- tioned, is determined by the time of 
ened charging and up to this point is unaf- 
auto- fected by resistance in the secondary 
» coil creuit. From this point to zero along 
inc § “ptember, 1940 








(A) Height of peak is de- 
termined by voltage 

=’ to which condenser 
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(B) Discharge curve for 
/ negligible resistance 
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Fig. 1—Current-time curves for operation of 
Fig. 2—Current-time curves for operation of inductance coil type welding machine 
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condenser discharge type welding machine 
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Fig. 3—Welding pressure at electrode is directly proportional to thickness of sheet in 
contact wiih upper electrode. Fig. 4—Welding time is proportional to the average 
thickness of the sheets being welded together 


the exponential curve the duration of 
current flow is an inverse function of 
the resistance in the secondary circuit. 
However, as the maximum duration 
with no resistance is of the order of 
10 cycles of 60 cycle a.c., most of the 
energy has been expended in the first 
4 or 5 cycles of time. By increasing the 
resistance the total duration of current 
flow may be reduced to 3 or 4 cycles of 
time of which the first cycle may be the 
only part contributing greatly to form- 
ing the weld. Not as much is known of 
the condenser discharge type machines 
but in general it is safe to say that the 
current “peak” and wave front form are 
the important variables, not the time. 

In the design of spot welded con- 
structions the important considerations 
are the limitations in the application of 
the process and the specifictaions for 
efficient designs. 

Aluminum and practically any of its 
alloys in common use can be spot 
welded to give uniformly strong and 
efficient joints. In general on U. S- 
Navy contracts 2S, 3S, 52S, 53S, 24ST 
Alclad, 24S0 Alclad, 17ST Alclad and 


17SO Alclad are spot welded to the 
most stringent specifications. Spot 
welding of the alloys 24ST, 24S0, 17ST 
and 17SO without the Alclading is not 
permitted by U. S. Navy specifications, 
although these alloys can be spot 
welded as readily and efficiently from 
a static strength standpoint without 
the Alclading. Without the Alclading, 
however, the spot welds tend to corrode 
under certain conditions and, therefore, 
are not permitted by the above specifi- 
cations, although the degree and rapid- 
ity of this corrosion has not been fully 
established for welds made with the 
latest types of welders. 

Any two aluminum alloy sheets of 
the same or different alloy and of the 
same or different thickness can be 
spot welded together with no great 
difficulty if the thickness of the thin- 
ner sheet is not more than approxi- 
mately 0.125 in. and the total thickness 
of the two sheets is not more than 
0.250 in. Three or more sheets of the 
same or different thickness can be spot 
welded together if the total thickness 
does not exceed 0.250 in. In any case 
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the ratio of thick to thin sheets should 
not be greater than 2 to 1 or 3 to 1 
depending on conditions, since these 
figures depend to a great extent on the 
spot welding equipment used. Undoubt- 
edly greater thickness of sheets can be 
spot welded by machines specially de- 
signed for that purpose. The limita- 
tions given here assume the use of 
standard welders now generally avail- 
able. 

As shown in Fig. 3, the welding pres- 
sure that must be exerted by the elec- 
trodes in order to make a good weld is 
directly proportional to the thickness 
of the sheet in contact with the upper 
electrode. This electrode has a spheri- 
cal surface of 4 in. radius which puts 
a slight dimple in the heavier sheet. 
The other sheet rests on the bottom sta- 
tionary electrode which is flat leaving 
the sheet perfectly smooth. If two 
spherical electrodes or two flat elec- 
trodes are used the pressure is propor- 
tional to the thinner of the two sheets. 
Time and heat remaining the same, the 
diameter of the spot decreases with 
increase in welding pressure. 

As shown in Fig. 4, the welding time 
required for a good weld is propor- 
tional to the average thickness of the 
sheets being welded together. The 
amperage or heat to make the weld is 
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Shear Strength per Spot 
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Fig. 6—Design values for shear strength of spot welds in 24ST 
Alclad and 528S1/2H aluminum alloy sheets 
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Fig. 5—In spot welding the position of 
the welds must be readily accessible to 
the electrodes. Both straight and slanted 
electrodes are shown here 


also increased with increase in sheet 
thickness. The diameter of the spot 
for a weld of adequate strength is a 
function of the thicknesses of the sheets 
being welded together, increasing as 
the thickness of the sheet increases. 
This is an important consideration as 
the diameter of the spot is the deter- 
mining factor with reference to the 
strength on the spot welds and their 
minimum edge distance. 

As in all spot welding, the positions 
of the welds must be readily accessible 
to the electrodes. The most accessible 
positions are those which permit the 


Curves are for design values, 
test strengths are much higher 


Tensile Strength per Spot,Lb. 








0.08 0.10 


use of two plain straight vertical «lec- 
trodes as used when welding two flat 
sheets together. As shown in Fig. 5, 
however, it is not always necessary to 
sacrifice structural efficiency to maxi- 
mum accessibility, the more efficient 
C-section being used in preference to 
the Z-section by welding with slanting 
or offset electrodes. 

There is, however, a definite relation 
between the distance the electrodes can 
be slanted or cantilevered and the 
thickness of the sheets being welded. As 
explained above, the thicker the sheets 
the greater must be the welding pres- 
sure. This increased pressure, which 
causes more deflection of the electrodes 
and welding arms, can be partially com- 
pensated by designing the electrodes so 
that the deflections at the upper and 
lower electrode are about equal. Then 
when the arms deflect the spherical 
surface of the upper electrode will roll 
on the sheet instead of sliding. With 
increasing pressure and overhang, how- 
ever, a point is reached where it is no 
longer possible to compensate for the 
deflections. When welding sheets as 
thin as 0.016 to 0.025 in., the “over- 
hang” or offset of the welding electrodes 
may be large as compared to the amount 
of offset permissible when welding 
sheets 0.064 to 0.125 in. thick, which 
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Fig. 7—Test and design values for tensile strength of spot 


welds in 24ST Alclad for various sheet thicknesses 
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require welding pressures ranging from 
1,000 to 2,000 lb. or more. For such 
high welding pressures electrodes as 
nearly vertical as possible are used. 

Fundamentally, spot welded joints 
are designed by the same general 
method as used in calculating the shear 
strength of riveted joints. Fig. 6 gives 
safe design values for the shear strength 
of spot welds in 24ST Alclad and in 
52S42H aluminum alloy sheets of dif- 
ferent thicknesses. 

In general, spot welded joints should 
be designed so that the welds are not 
loaded in tension or torsion. Such de- 
sign does not use the material effec- 
tively as the strength of the welds in 
other than shear loading is relatively 
low. In addition, little is known of the 
resistance of welds loaded in tension 
or in torsion to fatigue or vibratory 
loading. The curves in Fig. 7 give the 
tensile strength of spot welds in 24ST 
Alclad for different sheet thicknesses. 

Minimum allowable distance from 
the center of the spot to the edge of the 
sheet in general may be determined by 
the formula: 


M=1/8in. + 3? 
M = minimun edge distance, in. 
t = thickness of dimpled sheets, in. 


Spot welds placed too near the edge 
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Fig. 10—Drafting symbols for spot weld- 
ing used at the Vought-Sikorsky Aircraft 
Company. The reference rivets locate 
the piece for spot welding 


of a sheet will cause the edge to be 
pushed outward possibly to the point of 
cracking. Such a condition might, un- 
der vibration or high repeated load, 
cause a fatigue failure. 

For channels, strips and angles, the 
minimum dimensions that will permit 
efficient spot welding are given by the 
curves in Fig. 8 for various sheet thick- 
nesses. 

Spacing of spot welds in a single row 
for secondary structures, that is, as- 
semblies which are not major struc- 
tural parts of airplanes, is given by the 
curves in Fig. 9. For primary struc- 
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Fig. 8—Minimum dimensions for efficient spot welding for 
aluminum alloys of various sheet thicknesses 
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tures upon which depend the safety of 
an airplane, the spot weld spacing in a 
single row should be as follows: 


SpoT SPACING 
Tor. + 1/8 IN. 


THICKNESS OF 
THINNER SHEET 





Less than 0.064 in. 1/2 in. 
0.064 — 0.091 in. 5/8 in. 
0.091 — 0.125 in. 3/4 in. 


In general, for two or more rows of 
spots in a secondary structure the 
spacing in each row should be 1.5 times 
the spacing between rows, the minimum 
spacing between rows being the same 
as the spacing between spots, as given 
by Fig. 9. The spacing between rows 
should not exceed 1-1/8 in., as greater 
spacing might result in slight buckles 
in the sheet between spots. 

In primary structures the distance 
between rows of spots in reinforcing 
strips containing two or more rows of 
welds should be 1 in. For the spacing 
between spots in each row add 1/8 in. 
to the values given in the above table. 

Drafting symbols used at the Vought- 
Sikorsky plant for spot welding are 
shown in Fig. 10. As shown, two or 
more rivets are usually provided to lo- 
cate the pieces to be welded. In prac- 
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Fig. 9—Spacing of spot welds in single row for assemblies that 
are not major structural parts of airplanes 
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Fig. 11—Test strengths of spot welds and rivets for various thicknesses of material 


tice holes are drilled and temporary 
clamps inserted to hold the parts in 
correct relative positions. After spot 
welding. rivets or screws are put in the 
holes. Rivets are usually placed at the 
ends of the long line of spots in a load 
carrying structural assembly so that the 
welds will not be subjected to tension 
if the ends of the sheets tend to pull 
away because of air loads. 

In the process of spot welding the 
metal immediately surrounding the 
spot expands because of the heat and 
then contracts upon cooling. This con- 
traction is more than the expansion, 
and hence the sheet shrinks slightly. 
On a short piece this is not usually 
noticeable and causes no difficulty, but 
when large areas of flat sheets are spot 
welded, buckling often occurs. Sim- 
ilarly, a row of welds along the edge of 
a long sheet generally causes buckling 
or a wavy edge. 

Buckling of a large spot welded 
panel can be prevented by rolling each 
row of spots immediately after the row 
has been welded. Although this cannot 
always be done, it has proved effective 
for large flat panels with “hat” section 
reinforcing strips. 

To prevent the edge of a sheet from 
buckling after being spot welded, the 
edge of the sheet is bent in a right angle 
to form a reinforcing flange or leg. 
After the welding has been finished the 
flange may be trimmed. 
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Frequently the question is asked: 
“What is the comparison between the 
shear strength of a rivet and that of a 
weld?” The answer is shown graphically 
in Fig. 11. It must be considered that 
a riveted connection may fail by crush- 
ing of the sheet, which factor limits the 
maximum diameter of rivet that can be 
used effectively in a sheet of given 
thickness. 

There are three typical defects to be 
found in spot welds if the correct weld- 
ing technique is not followed. These 
are illustrated and explained in Fig. 12. 
Such defects are rare in production be- 
cause the welding machine after having 
been adjusted properly should dupli- 
cate the same quality welds indefinitely. 

In order to establish an inspection 
control governing the strength and 
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quality of spot welding performed on 
production assemblies a definite pro. 
cedure has been established. For given 
sheets to be welded, the proper welding 
pressure and time have been well 
founded, as given in the curves in Figs, 
3 and 4. Before welding and after 
setting a machine to the correct time 
and pressure, a tentative “heat-setting” 
is made and a double spot test specimen 
is made of the sheets to be welded. 
This is then pulled in a small hand- 
operated portable testing machine to 
determine the shear strength of the 
welds. If necessary the “heat-setting” 
is readjusted until the test shows the 
proper shear strength of weld. 

Several simple precautions should be 
specified regarding the condition of the 
surfaces to be welded. Both sides of 
the sheets where the welding is to 
be done should be thoroughly cleaned 
with acetone or similar substance to 
remove all grease, oil and paint. The 
surfaces that will come in contact with 
the electrodes should then be wire 
brushed to be slightly roughened and 
to remove the thin film of highly elec- 
trical resistant aluminum oxide. Best 
results are obtained when the cleaned 
surfaces are allowed to stand a few 
hours to reform a slight amount of 
oxide. If the surface is too clean, the 
aluminum has a tendency to alloy with 
the electrode. 

In lieu of the above procedure the 
complete assembly may be cleaned by 
etching in a suitable reagent and rins- 
ing thoroughly before welding. No en- 
tirely satisfactory solution has been 
found for producing the desired result. 

What has been written here by no 
means tells the whole story of the spot 
welding of aluminum and its alloys. 
Progress during the past year or two 
has been extraordinarily rapid, partly 
because of research and partly because 
of the better welding machines now 
available. The result has been many 
primary structures in airplanes now be- 
ing spot welded, making possible weight 
saving, cleaner construction and more 
rapid production. 
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Fig. 12 —Typical defects in spot welds if correct welding technique is not followed 











PropucT ENGINEERING 








odern Designs | 


Punches Work, Feeds and Heads Rivets 


Combination punching and riveting machine, de- 
veloped by the Engineering and Research Corpora- 
tion, punches holes, feeds and drives rivets. Power 
is obtained through an air cylinder which actuates 
the driving plunger. The first stroke of the driving 
plunger swings the die to the punching position 
and punches the hole; the second stroke places 
the rivet in the work and heads it. The machine 
will handle solid and tubular rivets, including 
countersink types. Connections to air line through 
a 3% in. pipe or hose are made at the rear of the 
machine. Each stroke of the driving plunger is 
controlled by individual foot lever. 


Rivet feed mechanism. Rivets are 
placed in the hopper, and tumbled by a 
drum which passes those with heads all 
pointing in the same direction to the 
chute. At the bottom of the chute, a 
slide synchronized with the automatic 
cycle, described on the next page, se- 
lects one rivet which at the proper time 
drops through a tube into the rivet shoe. 
Air cylinder is controlled by a pedal- 
operated valve. As the pedals are de- 
pressed, the first part of the stroke 
places the die and the rivet shoe in their 
respective positions; as the pedal is de- 
pressed further the air valve opens, forc- 
ing the driving plunger downward, thus 
punching the work, driving and heading 
the rivet. Rivet head dimension is 
controlled by length of rivet and posi- 
tion of anvil, adjustably mounted on 
lower arm. (Continued on next page) 
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MODERN DESIGNS = Combination Punch and Riveter (Continued) 
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When left pedal is depressed, the 
punch is raised to the punching position 
in the anvil, and the shifter arm, carry- 
ing the die, swings to align with the 
center line of the punch. This releases 
the air valve, forcing the piston and the 
piston rod extension down onto the die 
and carrying the die down onto the 
work, depressing the stripper and forc- 
ing the punch through the layers of 
metal. Release of foot pedal causes 
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spring to return piston to top of 
cylinder. 

Upon depressing the right foot pedal, 
the shifter arm carrying the rivet shoe 
is aligned with the center line of punch. 
This again releases the air valve, the 
piston rod extension descends, contact- 
ing the rivet shoe and carrying it down 
until it centers on the punch which pro- 
jects slightly through the work. The 
rivet shoe stops before touching the 


ir dine 
connection 
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work, but the piston pushes the rivet, 
which is held in the spring-closed split 
die shoe, through the die shoe onto the 
punch and on through the hole. At the 
time the rivet shoe is indexed, the punch 
lift is also withdrawn. The punch drops 
as soon as it is pushed out of the hole, 
to make room for the rivet head which 
is formed by the further descent of the 
piston. A positive stop sets the desired 
height of rivet head. 
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Controlled Combustion in New Tempering Oven 
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Designed for tempering and drawing coils of band- 
saw blades, this Despatch furnace has a top-mounted air 
heating unit fitted with a high-capacity fan. Heated air is 
circulated vertically. Wall construction varies with maximum 
temperature rating of furnace: for 850 deg. F. outer wall is 
18 gage steel, inner wall is 16 gage steel, with 5 in. of rock- 
wool insulation; for 1,200 deg. F. rockwool insulation 6 in. 
thick is used between walls. Furnace is fitted with an asbes- 
tos door seal and compression-type explosion latches. 


Heater burner is interconnected with primary and second- 
ary combustion chamber. Hot products of combustion are 
diffused by an adjustable back pressure baffle, and diluted 
by recirculating fresh air. The resulting mixture, heated to 
proper temperature, is then taken by an air circulating fan 
and forced into oven, dryer, and furnace ducts. The positive 
induced draft is always under definite control. The amount 
of recirculating air taken into the heater is varied with inde- 
pendent dampers. All recirculated air entering heater must 
wipe the outside of the hot combustion chamber, thus being 
partially heated before mixing with the combustion gases. 


By standardizing on three sizes of frames all 
having the same design characteristics, and utilizing 
interchangeable parts wherever possible, spot welding 


machines are now manufactured on a mass production 
basis by the American Electric Fusion Corporation. 
With three frame sizes, the standardized line ranges 
in capacity from 10 to 50 KVA. 
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MODERN DESIGNS - Four Switches Level 33-Yd. Shovel 


In the Bucyrus-Erie 950-B cater- 
pillar mounted shovel, a hydrau- 
lic system of automatic leveling 
and steering handles the ma- 
chine under all digging and mov- 
ing conditions. Since the working 
weight of the machine is 2,500,- 
000 ilb., the shovel is supported 
on four independent caterpillar 
supports, one under each corner. 
Thus means of keeping the plat- 
form level automatically were 
required. Further, the machine, 
while moving, had to have 3- 
point support. 


Leveling equipment, patented, con- 
sists of four hydraulic jacks, one 
mounted in each of the four corners of 
the base, an electrically driven hydrau- 
lic pump, solenoid-operated valves and 
a sump for oil storage. The pump and 
valves are controlled by a master level- 
ing unit and the necessary relays. 


Each corner jack is connected with an independent, high-pressure, electrically 
driven pump which is interconnected to the mercury control and maintains. .. 


required pressure to level machine 














Control gives “extended level- 
ing,” that is, if the piston in one 
hydraulic cylinder reaches a fully con- 
tracted or fully extended position, the 




























































Hydraulic jack mounted bees] Piston guide castings af control will function to adjust the posi- 

a lower ends hold cylinders ` tion of other pistons and continue level- 
base with balland socket eae in position; strains are ing until the entire machine is level or 
joints at top and bottom. i transmitted to center of base until a mechanical limit is reached. Ex- 
Socket joints fitted with pier: side girders through braces tended leveling is obtained by placing 
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at each corner of shovel as a 


` pene 


Caterpillar unit and a hydraulic 
jack are mounted under each of the 
four corners. The jacks form the con- 
nection between the caterpillar and ma- 
chine base and are rated at 2,500 lb. 
per sq.in. pressure. Each of the cylin- 
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ders is connected directly to the sole- 
noid-operated piston valves; these are 
controlled directly by the master level- 
ing unit and control relays, which are 
the primary control of the flow of oil 
into and out of each cylinder. 


two limit switches on each hydraulic 
jack; one which operates when the pis- 
ton reaches the fully extended position 
and the other which operates at the fully 
contracted position. 

Specially designed pressure switches 
function in case the pressure in any one 
jack drops. This often happens when 
one caterpillar sinks into the ground, 
thereby causing a tendency for one cor- 
ner of the base to raise off the jack, and 
the entire load to be carried by three 
jacks. In this case a pressure switch 
energizes the control and enough oil is 
pumped into the jack to cause all] four 
corners to carry load. Pressure is not 
equal in all four jacks when the center 
of gravity is not located at the center of 
the machine. 

The automatic leveling equipment is 
inoperative when the excavator is being 
propelled, but the control is arranged 80 
that two jacks on one side of the ma 
chine have valves closed, while the two 
on the opposite side are interconnected 
to allow a free flow of oil between them. 
This creates in effect a 3-point suspen- 
sion for the machine when travelling. 
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Master leveling unit consists of four mercury-filled 
cylinders, each connected by tubing to one diagonally oppo- 
site. Each cylinder is partially filled with mercury on which 
floats a light weight piston directly connected to a lever 
mechanism on which a mercury switch is mounted. The unit 
js suspended from the base of the excavator by three rods. 
This connection absorbs high frequency vibrations in the 
horizontal plane which might otherwise be transmitted to the 
unit and cause false operation of the control. Vertical vibra- 
tions are damped by rubber mountings. The unit is patented. 





Spiral casing of hydroelectric turbine for the Shasta 
power plant of the U. S. Department of the Interior. This 
me-piece cast steel casing weighs 21.575 lb. and was built for 
the government by Commercial Steel Casting Company. 
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Mereury cylinders are mounted at the ends of two short 
“diagonals” that are parallel to the diagonals of the machine 
base. The plane of the master leveling unit is always paral- 
lel to the plane of the base; therefore, if one corner is lower 
than another, mercury will travel from cylinder to cylinder, 
cause the lever mechanism to tilt the mercury switch and 
close the control circuit. The excavator is maintained level 
to a fraction of a degree. To obtain sufficient angular move- 
ment to operate the mercury switches, this angle is amplified 
by a lever mechanism on which the switch is mounted. 





One-piece cast steel impeller for this turbine weighs 
13,250 lb., was also produced by Commercial Steel Casting 
Company. Cast steel construction was used to insure rigidity 
so as to maintain correct curvature with relation to hub. 
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MODERN DESIGNS - Friction Disks Replace Rheostat 


Speed contro/ 


adjus tment 


WAU mL ae 


Friction 

disk adel AY 

on shat? 
ULC MCLE, 


Thumbserew adjustment of driven Drive is totally inclosed; it is powered in either 18-8 or monel metal. Devel- 
disk provides speed range of 250—1,750 by a 1/30 hp., shaded-pole, Redmond oped by the Mixing Equipment Com- 
r.p.m. in the model F “Lightnin” mixer. motor. Housing is cooled by a built-in pany, this portable mixer weighs 10 |b. 
Driven shaft is mounted on ball bearings. fan. Shaft and propeller are furnished complete, operates on 110 v. supply. 


New Structural Assembly for Washer Housing 


Lindsay structure, a method of as 
sembling sheet metal and framing is 
now being used in the Miller Hydro 
Company’s bottle washers and steriliz- 
ers. The sheet panels are held in 
place by special U-shaped members 
which lie flush with the outer surface 
and give a smooth, stream-lined appear- 
ance. In assembly, tightening of the 
screws which hold the U-members 
draws down the four edges of the pan- 
els thus putting the sheets in tension. 
This structure makes a light-weight, 
housing of great stiffness. 


Tensioning 
Socket lock screw-: "channel 
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Based on accelerated test results 
to determine wear, Tenite II was se- 
lected in preference to hard bronze, 
cold-rolled steel, polystyrene and methyl 
methacrylate for the nozzles in Crane 
pumps manufactured by Pomona Pump 
Company. In test, the five nozzles were 
connected to manifolds and a common 











Adjustable speed drive for the regulation of output speed is by means header, and a water velocity of 100 ft. 
rotating screen cylinder of vacuum fil- of a float valve in filter tank which actu- per sec. was applied. The accelerated 
ters is obtained by Sherbrooke Machin- ates the scoop control arm. For opera- tests were claimed to be practically 
eries, Limited, through use of American tion and design data on this type coup- equivalent to five years normal opera- 
Blower hydraulic coupling in which ling see P. E. January 1940, page 10. tion. 
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ed- Remote reading liquid level gage developed by Pulley compartment runs in transformer oil, and gaging 

t Guardian Electric Company. Perforated aluminum tape con- tape is cleaned of sediment as it passes through to counter- 
nected to float and bridle assembly drives index pulley. Studs weight well. Adjustable idler pulley permits minor correc- 
o pulley match perforations, preventing tape slip. Pulley tions of gage level, up to 1 in. plus or minus, without remov- 
tives inch and foot measuring disks fitted with contacts ing cover. Tank head is 4 in. thick casting of special alu- 

ERING which close circuit to appropriate figures on indicator panel. minum alloy, finished with acid-resistant red enamel. 
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N the past designers had difficulty 

in securing the maximum structural 

efficiency theoretically possible in 
the use of tubular members. Where 
tubes forming the chord members of a 
truss were varied in size according to 
the loads in the individual bays, com- 
plicated joints were required which in- 
volved more difficult and costlier pro- 
duction. A constant-strength beam, the 
optimum in efficiency from the strength- 
weight standpoint, could only be 
approximated by telescoping two or 
more tubes and joining them with 
rivets or bolts. If joined by welding 
some slight improvement in stress dis- 
tribution was achieved by “scarfing” to 
obtain a more gradual change in area. 
In designing columns to take compres- 
sion end loads the designer had to com- 
promise between a tube of maximum 
efficiency at the center and one that 
was most suitable for making a prac- 
tical joint at the ends. 

When step-tapered tubing, the thick- 
ness of which remains constant while 
the outside diameter is increased or 
decreased in steps, became available it 
offered a change in area along the 
length of a member without the neces- 
sity of making riveted or welded joints. 
This was of advantage, particularly in 
the aircraft industry, where production 
costs are generally secondary to weight 
saving. In selecting the chord members 
of a fuselage truss it was formerly neces- 
sary to choose between the production 
advantage obtained with a tube of sufh- 
cient size to use over several bays or 
the design advantage obtained by vary- 
ing the tube size according to the load 
in the individual bays. 

An example of a tubular cantilever 
beam is an airplane control stick, de- 
signed to transmit an applied load at 
the hand grip at the top, see Fig. 1. 
The lower end of the stick may be of 
any practical size but the upper end is 
limited to a size which will take the 
standard size hand grip. A common 
solution is to telescope members in or- 
der to change the gage rather than the 
diameter at the highly stressed points. 
To accomplish this with straight tubing 
is dificult since the proper gages for 
telescoping are ordinarily not available 
in all tubing sizes. For example, a 2 in.- 
0.058 in. tube (a standard aircraft gage) 
will take a telescoping 1% in. tube of 
any wall thickness but a 2 in.-0.065 in. 
tube will not. Moreover, since in the 


400 


TAPERED TUBING 


Design Possibilities for More Efficient Construction 


series of tube sizes diameters vary by 
1g in., in all normal sizes only an 0.058 
or a 0.120 in. wall thickness is suitable 
for reinforcing use, the tubes available 
do not provide the variation in gage 
desired. To get a proper fit it is neces- 
sary either to turn down or to swage 
the internal reinforcing. Furthermore, 
the use of such reinforcing is not effec- 
tive or efficient since the necessary 
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transition of load at the end of the 
reinforcing cannot be easily or econom- 
ically accomplished and constitutes a 
source of weakness. Based on pure 
theory the ideal solution to the control 
stick problem or to any tubular beam 
design would be a tube, the section 
properties of which could be varied uni- 
formly along the length. 

A near approach to the desired theo- 


fulcrum 


Telescoped Tubes 
Welded 


-Fulcrum 
fulcrum... 


Airplane 


Uniformly-Tapered Tube Control Stick 





Fig. 1—Methods of making cantilever tubular beams when weight saving is a con 
sideration include telescoping tubes, step-tapered tubing, and tapered tubing. The 
latter two have possibilities for reducing costs by eliminating riveting 
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Fig. 2—Dimensional ratios of wall thickness and diameter that are obtainable in 


shaped and tapered tubing 
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Fig. 4—Effect of increased wall thickness at the end of the tube on column strength is indicated by (a) results of tests on plain 
end tubes, and (b) of columns built up as shown in (c) by welding on a heavier section at the end 


retical solution is now furnished by 
the new process for shaping and taper- 
ing tubing. The process makes possible 
taper either in O. D., wall thickness or 
both. Of advantage in column design 
is the fact that “double” tapers are 
possible, since the tube can be tapered 
uniformly toward both ends from the 
basic O.D. Also the wall thickness in 
double taper type tubes as large as 4 


Cruciform Fitting with 
tube Formed to suit 


Square tube trimmed on taper to get 
closed sections at center.. PTAR 
Flanged edges on ends, with access to 
fastenings 





Fig. 3— Difficult end connections when 
tubular members are not tapered 
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in. in dia. can be uniformly maintained. 

Limitations in dimensional variations 
and some possibilities in contour and 
appearance are shown in Fig. 2. A 1-in. 
dia. tube can be reduced about 0.60 in. 
without damage to the material. Sim- 
ilarly a 4-in. dia. tube can be reduced 
to approximately 2.5 in. at the small 
end. In general, reductions up to 40 
per cent of the base O. D. can be made. 
The tubes can be fabricated in any 
length up to 20 ft. which is sufficient 
for most design requirements. 

Tubing of this type has several de- 
sign and production possibilities: (1) 
improved appearance; (2) weight sav- 
ing because material is distributed 
according to load requirements; (3) 
low production costs because the 
amount of riveting or welding is re- 
duced; (4) wall thickness at the end 
of a column can be increased to accomo- 
date bearing loads, which is partic- 
ularly advantageous where bolts or 
rivets are used at the joints; (5) wall 
thickness of members converging at 
joint can be made uniform thus avoid- 
ing the burning which would take place 
in welding if some members were thin- 
ner than others. 

One general use of tubing is as a 
column under end compression load. 
A consideration of the theories involved 
in the design of columns will indicate 
the possibilities of weight saving and 
improved production with tubes of 
varying O.D. or wall thickness; im- 
portant in the aircraft industry. 


In the design of round tubular col- 
umns several factors are generally con- 
sidered such as elastic properties, slen- 
derness ratio, section properties at the 
mid-point, and the effects of conditions 
which may weaken the ends such as the 
presence of welds or rivets. The section 
properties at the end, however, will 
ordinarily be designed according to the 
area required for compressive and bear- 
ing strength. From this it follows that 
the most effectively designed column 
would have a large O.D. and a mini- 
mum wall thickness at the center, with 
a reduced O.D. and increased thickness 
at the end. 

In many structures columns fall in 
the short column range or in the transi- 
tion range between short and long 
columns. When this condition exists 
unit strength is more important than 
the slenderness ratio and higher allow- 
able loads can be obtained by heat- 
treating the main portion of the tubes. 
The gain in column strength is limited 
by the degree to which the ends are 
reduced in strength by the presence of 
the welding (unheat-treated) which is 
normally used in aircraft to fasten the 
column in place. 

With tubes of uniformly large diame- 
ter along their whole length, the end 
connections are always difficult to de- 
sign and are usually heavy and expen- 
sive. Failures usually occur here until 
a suitable joint is developed. Fig. 3 
shows two examples of end connections 
which indicate the difficulties and pos- 
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Fig. 5—Heavy end tubes can be produced to these tolerances. Increase in weld area 
at end does not add much to the weight of the member. Fig. 6—Theoretical possi- 
bilities of columns B, C and D for weight saving and drag reduction (in aircraft) 
are shown in Figs. 7 and 8. All are of the general type shown schematically at A 


sible expense involved. The use of 
tapered diameter and increased gage 
tubing overcomes some of these diff- 
culties. The reduction in diameter of 
the tube as it approaches the end which 
enters the fitting will result in no 
appreciable loss of strength at the end 
connection (provided the allowable 
stress for the material is not exceeded) 
or change in the elastic behavior, if the 
reduced length is a small part of the 
total length of the strut. 

If a steel tubular column of reduced 
wall thickness at the center and of in- 
creased wall thickness at the end is 
heat-treated before welding into place, 
the thicker ends can be proportioned 
so as to be greater in strength than 
the heat-treated center portion which 
is unaffected by the welding. Although 
the allowable unit compressive stress 
at the ends is less than at the center 
because of the unheat-treated welding, 
the area is so greatly increased that 
the product of allowable stress times 
area is greater at the end than at the 
center of the column. The practical 
gain that can be achieved by such a 
method is shown by comparative test 
data on standard tubular columns, Fig. 
4(a), and on columns with increased 
gage at the end, Fig. 4(b), constructed 
as shown in Fig. 4(c). With tubing 
having thickened ends production costs 
can be reduced by eliminating the joint 
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between the thinner and heavier gages. 
Fig. 5 shows the dimensions which can 
be obtained in tubes of uniform wall 
thickness in the center portion and 
heavier gage at the ends. 

In the Euler column range, columns 
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of high slenderness ratio can be de. 
signed to be more efficient by taking 
advantage of tapering. Some idea of 
the possible saving in weight for 
tapered tubes in the Euler rang: js 
given by considering the theoretical 
possibilities of the three types of col- 
umns shown in Fig. 6. Each of these 
are of the general type shown in Fig, 
6(A). Figs. 7 and 8 show the results 
of a study made with the dimension q 
varying from 0 up to 0.8 lengths of the 
tube. When making this study the 
taper for each type was assumed linear 
from the point of the start of the taper 
to the ends of the strut. 


When d= length of truncated taper 
end as shown in Fig. 6(A) 
a = length of straight portion 
of tube 
P = buckling load of column 
L = length of column 


m = function depending upon 
the geometry of the column 

E = Young’s modulus 

l. = moment inertia of cross 


section of column at the 
large end of taper 

n = exponential factor 

l, = moment of inertia of cross 
section at small end of tube 

lz = moment of inertia of any 
cross section of column at 
distance x measured as 
shown in Fig 6(A) and 

le=I1, (x/d)* 


the general equation for Euler columns 
of the types shown in Fig. 6 is 


P=mE I./L* 


Percentage Saving of Weight 
and g by Tapering an 
ule 


r Strut 





Fig. 7—Percentage saved in weight and drag by tapering a Euler strut of constam 





thickness, type B streamlined and type C round, as shown in Fig. 6 
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Values for n and m are given in 
Timoshenko’s “Theory of Elastic Sta- 
bility,” p. 128-139. For a column in the 
form of a plate of constant thickness 
and varying width the exponent n is 
equal to one, and for a solid truncated 
cone or pyramid n is equal to four. The 
values of n for tubes of the usual dimen- 
sions and types shown in Fig. 6 are: 
For type B, n = 3; type C, n = 3; and 
for type D, n = 1. For type B and C, n 
would equal four if the thickness varied 
uniformly. 

The saving in weight for equal load 
carrying capacity for tubes of type B 
and C over straight tubes is shown in 
Fig. 7. The maximum saving of 9.5 
per cent occurs when a/L equals 0.4 
and /,/I, is 0.10. For the round strut 
with taper in thickness only, type D, 
maximum saving in weight, shown in 
Fig. 8, is 14.5 per cent when a/L equals 
zero and /,//, equals 0.175. The reduc- 
tion in drag for the tapered streamline 
is the same percentage as the reduction 
in weight for this strut. 

Not all of the saving in weight is in 
the strut proper, however. because the 
fittings at the end contribute an appre- 
ciable part of the total weight. In a 60 
in. X 2 in. X 0.05 in. aluminum alloy 
tube, for example, the end fittings may 
weigh one-fourth the tube weight. To 
reduce the end to 1 in. in diameter will 
result in roughly halving the fitting 
weight. Combining this effect with the 
reduction in tube weight will result in 
a saving of about one-fifth with no loss 
in strength. 

Since it is possible to vary the taper 
over quite long lengths, the uniformly 
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Fig. 9—Step-tapered tube for airplane landing gear struts which must carry bending 
and end load. End of member provides bearing surface for the wheel. By tapering it is 
possible to get the desired small section for ‘the axle without the problem of 
making additional joints; small end need only be bent to proper angle by forging 


tapered tubes may be useful in truss 
designs where weight saving is im- 
portant. Although, from a production 
standpoint it might sometimes be bet- 
ter to use a step-taper rather than 
straight-taper tube. The advantage in 
favor of the varying tapered tube over 
the step-tapered would depend some- 
what on the difference in cost and 
weight. Certainly where the critical 
load is a tension one the step-tapered 
tubing would be most satisfactory. 

Other designs besides those indicated 
above can take advantage of the pos- 
sibilities in increasing or decreasing 
the thickness at the ends of the tapered 
tubes. An airplane landing gear strut of 
the type shown in Fig. 9, is an example 
of the use of combined taper in thick- 
ness and in O.D. in a member which 
carries bending and end loads while 
acting as a bearing at one end. 

Other possible design advantages ob- 
tainable with tapered tubing are: 

1. Possibility of securing clearances 
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Fig. 8—Percentage saved in weight and drag by tapering in thickness a round Euler 


strut, type D, as shown in Fig. 6 
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at certain points by reducing the diame- 
ters locally. This impairs the strength 
of the member but not the stiffness 
to any appreciable extent since the re- 
duced length is small. 

2. For members in machine structures 
which may have a natural frequency 
which coincides with some impressed 
frequency, the resulting vibration can 
be decreased or eliminated by increas- 
ing the O.D. and reducing the gage, 
so that the stiffness and frequency will 
be raised above the critical range with 
no increase in weight. 

3. Thick ended tubes lend them- 
selves to forging. The ends can be upset 
to make flanges as for a torque tube or 
a bolted joint. Upsetting the ends for 
internal or external threading is an- 
other possibility. 

4. For many applications such as en- 
gine push-rods where weight saving is 
not so important as having a rod which 
will operate satisfactorily as a column 
and yet have sufficient material at the 
ends to take bearing and wear load. 

5. Tubes with controlled diameters 
are suitable for frames and bents to re- 
sist bending moments set up by side 
load. Certain designs of landing gears 
of the type are of this nature since they 
must withstand side loads when landing. 

Pleasing variations in line and con- 
tour are particularly important in the 
design of metal furniture, lighting 
equipment, supports for cabinets, house- 
hold and industrial equipment, auto- 
motive, aircraft and bus parts. There 
are many other designs the utility of 
which can be improved, not so -much 
from a strength as from a “convenience” 
and “appearance” standpoint. Included 
in the group are such items as socket- 
end tools, tripods, door handles and 
door pulls, nozzles, water tubes, parts 
for agricultural tools, musical instru- 
ments and many others. 


[Eprror’s Note: We are indebted to 
T. C. Bennett, Naval Aircraft Factory, 
for the technical aspects of this dis- 
cussion. These are not, however, to be 
construed as official opinions of the 
U. S. Navy Department. | 
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STEPS IN A MODERN DESIGN 


T is a far cry from the first press- 
ing “irons” to the modern thermo- 
statically controlled electric iron. 
Yet in the past few years the so-called 
“modern” irons have gone through 
successive redesigns to improve opera- 
tion and control and to reduce weight— 
improvements which lessen fatigue, aid 
appearance and increase sales. 
Original irons were probably heated 
stones or pointed pieces of metal, most 
likely bronze, with a thin metal handle 
insulated with cloth. For several hun- 
dred years there has been in China an 
interesting iron—a hollow brass casting 
pointed at both ends, having a metal 
lid hinged at one end and a clasp on 
the other, with a wood handle on top. 
Hot coals, placed in the hollow casting, 
furnish the heat. 
The first electric irons had many 
shortcomings. They were a dangerous 


JOHN C. FAGAN 
Proctor Electric Company 


fire hazard, not having a thermostat. 
The thermostat, or current shut-off de- 
vice, which came into use in about 1925, 
was a definite step forward in safety, 
economy and convenience. A short time 
later the adjustable automatic iron 
appeared; a few years later the high- 
speed irons of 1,000 watts and light- 
weight irons were developed. 

Our own experimental work led to 
the development of an automatic stand 
that allowed one to rest the iron with- 
out having to lift it onto a separate 
stand, and thus took nearly all of the 
weight lifting out of the ironing process. 

Three models were developed, each 
in turn serving to point out definite 
drawbacks that could be eliminated by 
careful redesign. These various mod- 
els are illustrated below together with 
brief comments on the design disad- 
vantages encountered. 


The third model proved a successiul 
ironing device, except for appearance 
and a few minor drawbacks. Several 
users complained about the size of the 
handle, others said that the legs still] 
had a tendency to catch. Some did not 
like the appearance of the exposed 
springs and others thought the appear- 
ance on a whole was displeasing. This 
was understandable as the models to 
date were made solely to demonstrate 
the usefulness of the idea with no 
thought given to appearance. 

Before placing this third model on 
the market, it had to be restyled into 
a modern looking appliance, and the 
mechanism studied from design and 
production angles. It was decided to 
mold the handle of phenolic plastic in 
a ‘streamlined, hand-fitting shape en- 
tirely inclosing all moving parts and 
springs to improve appearance. 


First model built along lines pro- 
posed by one of our inventors, Mr. 
W. H. Ginder, had a thin metal stand 
which was recessed in the flat bottom 
plate or sole plate. This stand raised 
the whole iron off the table surface 
when the pressure on the handle was 
released. Some definite drawbacks ap- 
peared immediately, the most serious 
being dragging of the metal stand 
on the fabric, even though the edge 
was smooth. Also quite a large area of 
the heating surface had to be cut away 
to accommodate the stand construction. 
The models illustrated were built-up 
out of stock parts solely for the purpose 
of design study. Each was tested under 
service conditions as a guide to design. 


Second development lifted the sup- 
port off the material and held it 
until released by a catch or trigger. 
This was accomplished by having the 
handle, which was hinged at the rear, 
raise in the front where a release catch 
was located. The handle acted as a sim- 
ple lever that was connected to the 
stand by means of a link. This model 
also had a stand consisting of legs, 
hinged at the rear about an inch back 
of the sole plate, and straddling each 
side of the plate. Tests brought out the 
fact that with the hand in an unnatural 
position, considerable pressure was re- 
quired to push down on the front of the 
handle in order to raise the legs off the 


surface of the material being ironed. 
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In the third model, the handle was 
hinged at the front so that the heel of 
the hand applied the leg-raising and 
latching pressure. A cam located at 
the rear of the handle bore against a 
roller fastened to an upright lever. This 
lever was an integral part of the axle 
splined to the two legs. 

Difficulty arose in assembly in keep- 
ing the legs accurately spaced with re- 
spect to the cover. To overcome this, the 
cam part of the handle was redesigned. 
The lower section was hinged; and the 
upper section was adjustable by a small 
setscrew at the top. This arrangement 
allowed compensation for any wear 
which might occur in the lifting mech- 
anism after several years’ use. 
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angles to form a foot or tread. A spacer 
is stud-riveted in the middle of the “L” 
and also at the top. The axle or bearing 
shaft, passing through the center of 
the lower spacer. has a 2% in. bearing; 
this is the distance the legs are spaced 
at the bottom. The top spacer, 1% in. 
long, forms a bearing for a hardened 
steel roller. A hardened steel cam in- 


Upon spring strength depends the 
ability of the iron to raise itself. The 
lower end of the spring is fastened to 
the lower section of the sole plate. 
Half way up the “L” shaped legs is 
fastened a flat cross-bar through which 
passes a screw. by means of which 
spring tension is adjusted. 

Much time was spent in developing 
this “main spring” as we call it, first, 
because it has a considerable job to do 
in lifting the iron, and secondly, be- 
cause it has to work in a temperature 
of over 300 deg. F. Several kinds of 
special-alloy music wire were first tried, 


insert 


Section AA 
Trigger 
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side the hollow bakelite handle bears 
against this roller. The cam is a 4 in. 
steel beam pivoted at the front, having 
a smooth pad of plastic fastened to the 
back directly over the cam contour so 


that the pressure can be applied where 
it is needed. Only this pad moves up 
and down, instead of, as in two of the 
previous models, the entire handle. 


but when heated under strain they lost 
their characteristics. We next tried 
different alloys of stainless steels. 
Spring diameter was kept as large as 
possible with maximum number of 
turns to obtain the required tension. 
The spring material found best suited 
for the job was stainless steel of 8 per 
cent nickel and 18 per cent chrome, 
heat-treated at 750 deg. F. for 8 hours. 
Without heat-treatment the material 
is no better than music wire. The 
spring is one inch in outside diameter 


and contains 28 in. of 0.112 in. diam- 


eter wire. (Continued on next page) 
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Air-cooling fins, mounted between 
the cover and each end of the handle, 
reduce handle temperature from 20 to 


Molded bakelite 
handle.. 


Front air-cooling 
washers 


Sole plate” 


The “speed selecting” dial of 
fabrics is a 2 in. crowned plate under 
the adjusting knob, with fabric names 
etched into it. Movement of the pointer 
sets iron at the temperature desired. 
If the user is a fast worker, the ad- 
justing knob can be forced hard to the 


AFTER THE HAND-MADE model was com- 
pleted, it was put through an actual 
routine of strenuous ironing tests. Be- 
fore the tools and dies were made, the 
iron was submitted to a commercial 
artist who added some details to the 
design. to give it a little more eye 
appeal. Most notable of these were the 
red lines on the side of the handle and 
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40 degrees; they also add to the appear- 


ance of the iron. 


These developments were incorpo- 


Q 
Temperature 
adjustment 
/ knob 
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\ KR 


right and the whole dial will rotate in 
the top of the cover about 20 angular 
degrees. The heat is thus pushed up 
approximately 40 degrees in tempera- 
ture for each fabric. On the other 
hand, for slower workers. and a cooler 
iron, the knob is forced to the left 


precision printing on the adjustable 
dial. A number of the first few irons 
were sent to an independent testing 
laboratory and given tests for safety. 
reliability and balance. The most stren- 
uous of these tests, called “the abuse 
test,” was made on a specially con- 
structed machine which opened and 
shut the legs while the iron was set at 


~-Thermostat bimeta/ 


nel a 
gram 


Kelig 
Rear Air Cooling Washer 


rated in a fourth model, the final design. 
The sole plate was a new casting of a 
lighter design than previous models, 


Leg spring 
Wisting 


and the range of the dial of fabrics is 
dropped 40 degrees. The dial can be 
set at high, low or medium as the user 
chooses. All of these adjustments are 
through a horizontal cam that rotates 
and raises or lowers a lever that works 
against the thermostatic strip. 


its highest temperature and was held 
suspended in air. This was found to be 
much more severe on the lifting mech 
anism than if the iron were resting nat- 
urally on the ironing board. Irons rat 
successfully over 250,000 cycles during 
this series of tests, without any sig? ' 
of failure in the latching or in the 
stand-lifting mechanism. 
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HYDRAULIC FLUIDS-I 
Fundamentals Affecting Circuit Efficiency 


URING the last ten years the 

field of industrial hydraulics 

has flourished under the stim- 
ulus of increased scientific and applied 
research, resulting in fluid power 
adaptations for literally thousands of 
industrial purposes. 

Among the many new and interest- 
ing problems coincident to this de- 
velopment is the one of hydraulic 
fluids. Cooperative research between 
the manufacturers of hydraulic equip- 
ment and the refiners of petroleum 
has resulted in most gratifying 
progress. However, the broad diversifi- 
cation of present day hydraulic power 
applications usually necessitates indi- 
vidual study of the several variable 
and influencing factors before proper 
selection of the hydraulic fluid can be 
determined. 

It is the purpose of this article to 
point out only those factors that are 


MACHINE 
OPERATING 
CHARACTERISTICS 


Slows down as temperature rises 


Erratic action foaming or aeration 
of oil 


Corrosion of hydraulic system parts 


Sticking valves (hydraulic) 


Excessive leakage 


NORMAN E. MILLER 


Consulting Hydraulic Engineer 


of fundamental significance to both the 
designer and the user of hydraulic 
equipment. 

First, it might be well to state why 
the proper type of fluid is considered 
a first essential for satisfactory per- 
formance. 

A. High pressures between moving 
parts in hydraulic systems are main- 
tained in two ways: (1) by close 
ground and lapped clearances, and 
(2) by a viscous seal consisting solely 
of the oil film. 

B. The overall efficiency attained in 
normal operation is usually quite crit- 
ical to viscosity changes. 

C. Because of the exacting precision 
standards of manufacture required for 
maintaining high working pressures, 
hydraulic equipment is necessarily of 
an expensive nature. 

D. The longevity and economical 
maintenance of the equipment are 


TROUBLE SHOOTERS CHART 
OIL HYDRAULIC CIRCUITS 


OIL CHARACTERISTICS 


Oil too light and/or viscosity index 
too low 


Poor demulsibility, high surface ten- 
sion of oil — Oil has absorbed mois- 
ture 





. Oil viscosity too high 


Too high in acidity, oil may be 
compounded of harmful ingredients 


High oxidation; oil not properly re- 
fined 


Oil too light and/or viscosity index 
too low also loose connections or 
excessive clearances 


Probably cavitation; oil viscosity too 
high causing excessive pressure drop 
in intake line or intake line too small 
creating excessive oil velocities 


largely dependent upon the use of the 
proper fluid medium, free from corro- 
sive effects, possessing as high a vis- 
cosity index as is practical and includ- 
ing high resistance to abrasion and wear 
of moving parts. 

Among the more common basic func- 
tions of the hydraulic fluid is the re- 
quirement of transferring energy or 
work in a machine or other mechanical 
equipment. This is generally accom- 
plished in a manner analogous to pure 
mechanical methods entailing the usual 
gears, chains, belts, and similar power 
transmission elements. Furthermore it 
must satisfactorily perform the require- 
ments for adequate lubrication of the 
finely fitted moving parts in the cir- 
cuit. Some of these parts, such as the 
line contact between the two gears of 
a gear pump or the leading vane edge 
against the cam ring of a vane pump. 
result in abnormally high unit pres- 


REMEDY 


Use heavier oil and/or higher index 
oil to reduce leakage in pump, mo- 
tor, cylinder, etc. 


Use oil with 1620 demulsibility or 
A.S.T.M. steam emulsion of 100 sec- 
onds max. 


Use correct viscosity as specified by 
manufacturer. When sluggish at low- 
er temperatures, especially on start- 
ing, use high inder and iow pour 
point oils 


Specify acid free mineral oil, neu- 
tralization number of 0.10 max. for f 
combined acidity, saponifiables less 
than 1 per cent | 


Check operating temperature. De 
not exceed 140 deg. F.-160 deg. F. 
for best results. If temperature i. 
satisfactory change to stable high 
index oil 


Tighten all connections and check 
clearanceds. If leakage is still exces- 
sive use heavier and/or higher index 
oii 


Use higher index and/or lighter oil. 
Use oil of lower pour point. Check 
pump intake size and install larger 
line if necessary 


This chart is intended primarily to ossist the engineer or technician in analyzing defects in the circuit due to the fluid medium 
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KINEMATIC VISCOSITY CONVERSION CHART 


THIS CHART SOLVES THE FORMULA 


AV =0.22 eT— 808 


AV#Absolute Viscosity in Centipoises 
G = Specific Gravity 
T =Saybolt Seconds Universal 
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sures which may far exceed the actual 
operating pressure of the system. In 
such instances, obviously wear resist- 
ance is highly desirable as measured by 
the ability of the fluid to maintain a 
good seal and yet resist abrasion be- 
tween the moving parts. This point 
will be covered more fully further on. 
Collective experience gathered from 

the field and from laboratory tests over 
a period of years indicates certain 
physical and chemical properties of the 
fluid to be most important. These char- 
acteristics in their general order of im- 
portance are: 

1. Viscosity 

2. Wear Resistance 

3. Demulsibility 

4. Viscosity Index 

5. Pour Point 

6. Neutralization Number 

7. Stability 

8. Miscellaneous Properties 


There are many applications where 
the relative order of importance as 
arranged in this list could well be 
changed. The arrangement shown is, 
however, desirable from the standpoint 
of average requirements. 

The equipment and design engineer 
in evaluating the effect of each speci- 
fication, should take into consideration 
the anticipated pressure range, ambient 
and reservoir temperatures, pitch line 
velocities, piston and valve plate rub- 
bing speed, cycling sequences and other 
highly influential factors characteristic 
of the circuit in question. For immedi- 
ate purposes it would perhaps be well 
to discuss briefly the more important 
specifications in their general order of 
importance and engineering interest. 


Viscosity 


For any given hydraulic system there 
exists an optimum viscosity for at- 
taining the maximum overall operating 
efficiency. A viscosity lower than the 
ideal will permit leakage, reduce the 
volumetric efficiency of the pumping 
unit and, ultimately, lower the overall 
efficiency of the complete circuit. This 
loss of efficiency is more pronounced 
where wide ranges of operating tem- 
peratures are encountered. Oils that 
are of higher viscosity. than the ideal 
impose an additional load because of 
greater flow resistance, which will also 
lower the overall efficiency. Added load 
results from the greater shear resistance 
of the oil film of excessive thickness 
and viscosity as reflected by the in- 
creased pressure drop through the sys- 
tem. Inasmuch as the usual mineral oil 
changes viscosity considerably under 
changing temperatures, the oil selected 
must have the correct viscosity at the 
temperature at which the system will 
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operate the greater part of the time. 

Generally speaking, oils having a vis- 
cosity of 150 to 300 SSU (Saybolt Sec; 
onds Universal) at 100 deg. F. are in 
the desired range for normal service. 
Where extremes of pressure and temper- 
ature are encountered, oils having vis- 
cosities varying from 200 SSU to 1000 
SSU at 100 deg. F. are sometimes em- 
ployed. Where low temperatures are en- 
countered, such as installations sub- 
jected to winter weather, oils having a 
Saybolt viscosity of 100 and even as low 
as 50 sec. at 100 deg. F. are used. How- 
ever, one must not lose sight of the fact 
that all of these oils if properly applied 
will have approximately the same viscos- 
ity at the normal operating temperature 
of the system. The foregoing factors 
plus other special conditions make the 
viscosity specifications of paramount 
importance. 

Viscosity has long been defined in 
terms of Saybolt Seconds Universal, 
abbreviated, SSU. This method for de- 
termining viscosity is essentially a mat- 
ter of accurately timing a given flow 
through an orifice of fixed dimensions. 
This method, however, has inherent 
weaknesses that introduce errors un- 
der certain conditions. Because this fact 


is now generally recognized, a more 
scientific method is now coming into 
wide use. This new method determines 
the kinematic viscosity and utilizes a 
suspended level capillary tube im- 
mersed in a controlled temperature 
liquid bath. 

Kinematic viscosities are observed 
directly by the operator. The nomo- 
graph chart shown in Fig. 1 will con- 
veniently perform conversions from 
Saybolt to absolute or kinematic vis- 
cosity. 

As indicated on the nomograph chart 

AV = Absolute viscosity in Centi- 

poises 

G = Specific gravity 

T = Time in Saybolt Seconds Uni- 
versal 

The nomograph is based on the 
equation 

AV = 0.22GT — (180 G/T) 

Because of the current trend to util- 
ization of absolute values in measur- 
ing viscosity a kinematic viscosity scale 
will be included on the Dean and Davis 
Viscosity Index Chart which will appear 
in Part II of this article. 

Viscosity decreases inversely with 
temperature rise, at a modified logarith- 
mic rate. Because of this factor, even 


A.S.T.M. Tentative Viscosity -Temperature Charts 
For Liquid Petroleum Products (D341-37T) klik 
Std. 150 SSU Penn. Hydraulic Oil 
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Fig. 2—Viscosity-temperature chart for Std. 150 SSU Penn. hydraulic oil 





small temperature changes in the lower 
temperature scale cause amazingly 
great increases in viscosity. In this con- 
nection it might be well to point out 
that so-called viscosity curves are 
commonly plotted as a straight line 
function on charts similar to that shown 
in Fig. 2. However, in the temperature 
range around zero degrees Fahrenheit 
and for a considerable range on either 
side of zero, ordinary mineral oils do 
not follow this straight line viscosity 
curve. This truth was established in 
several instances by cooperative re- 
search between industry and the large 
refiners. 

During these investigations it was 
found that instead of the viscosity curve 
remaining a straight line function, there 
existed a tendency for the curve to rise 
rapidly in viscosity values in the lower 
temperature range. A typical example 
is shown in Fig. 2, which is a viscosity- 
temperature chart for a typical paraffin 
base hydraulic oil with actual observed 
values plotted for the lower temperature 
range. The amount that the viscosity 
curve will deviate from a straight line 
was found to be largely dependent upon 
two factors, namely, base or origin of 
the crude stock and pour point, the lat- 
ter of which is commonly lowered by the 
addition of compounds purposely added 
to produce a decrease in pour point 
value. Other phases of low temperature 
characteristics are covered later, under 
the heading of pour point. 

In general, the equipment manufac- 
turers’ recommendations as to viscosity 
are based on wide experience plus the 
findings of extensive experimental and 
research projects. The equipment user 
will therefore, except in some special 
installations, benefit by closely follow- 
ing the equipment manufacturer’s vis- 
cosity recommendations. 


Wear Resistance—Film Strength 


In considering the various require- 
ments for a satisfactory hydraulic fluid 
the matter of wear resistance assumes 
a special significance. As was pre- 
viously mentioned, unit pressures at 
different points in the circuit quite 
frequently exceed by a considerable 
margin the so-called operating pres- 
sures. The need for resistance to film 
rupture is therefore obvious. 

There have been many attempts to 
develop a successful wear resistant 
agent. Certain compounded oils con- 
tain active sulphur and/or chlorine or 
a combination of the two. Animal fats 
or other saponifiable materials may also 
be present because of their known abil- 
ity to increase film strength. 

With this intended increase in wear 
resistance one might expect reduced 
abrasion and wear, but frequently high 
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pressures and high reservoir, or even 
high localized temperatures, cause a 
chemical reaction of the additive agent, 
forming injurious corrosive compounds. 
The resulting corrosion causes rapid 
deterioration of the hydraulic equip- 
ment. Thus the high film strength has 
defeated its originally intended pur- 
pose. Consequently, it should be remem- 
bered that although an oil possesses 
initially high film strength it may not 
be good in terms of wear resistance, 
but on the contrary may, through 
possessing corrosive constituents, be 
actually harmful. 

Difficulties of this nature have been 
a source of discouragement in the past 
to the users of expensive hydraulic 
equipment. Because resistance to wear 
is extremely important, there has been 
considerable activity by several inde- 
pendent research organizations to find 
a workable solution. Here again, co- 
operative research between the refiner 
and equipment manufacturer has cul- 
minated in most encouraging results. 
Recent research concerning wear re- 
sistant additives has resulted in almost 
inconceivable reductions in wear and 
deterioration. 

Although not yet produced in large 
quantities, hydraulic fluids incorporat- 
ing the use of wear resistant additives, 
such as chlorinated aromatic com- 
pounds, will be relatively inexpensive 
and should contribute welcome bene- 
fits in reduced operation and mainte- 
nance cost to hydraulic equipment 
users throughout industry. 


Demulsibility 


Among the interesting facts estab- 
lished by experience, relating to the 
successful operation of hydraulic equip- 
ment at high operating speeds and 
pressures, is the importance of demulsi- 
bility in hydraulic fluids. 

Aeration, foaming, loss of film 
strength, tool chatter, tool breakage 
and other ills which occasionally per- 
plex users of hydraulic controls have 
been definitely linked to the poor de- 
mulsibility characteristics of the fluid 
used. It has been found that poor 
demulsibility characteristics facilitate 
air and moisture absorption in the hy- 
draulic circuit. ; 

Effects of air are readily discernible, 
for it usually results in chattering, 
noisy operation, erratic action and gen- 
erally poor control. Effects of moisture 
are hot, so easily detected but are likely 
to be just as damaging. This be- 
comes apparent when it is considered 
that the addition of quantities of water 
to the hydraulic fluid in amounts as 
low as two-tenths of one per cent will 
materially reduce the film strength. 
Hence, water or moisture even in small 


quantities in the hydraulic circuit is 
to be guarded against zealously. The 
most common cause of moisture being 
present in the circuit is condensation 
that occurs in the oil reservoir during 
temperature fluctuations in the sur- 
rounding atmosphere and in the cir- 
cuit itself. Introduction of moisture into 
the circuit is augmented by high am- 
bient humidity. Once this moisture is 
entrapped in the fluid it helps form an 
emulsion resulting in lowered film 
strength, increased tendency to foam 
and finally, increased acidity. 

To overcome demulsibility ills, re- 
cent developments in the chemical in- 
dustry have resulted in synthetic resins 
that, while relatively new, have been 
used in certain applications to great 
advantage as hydraulic fluids. These 
compounds are claimed to have the 
advantage of perfect insolubility with 
water. This perfect resistance to water 
absorption is attributed among other 
things to the extremely high specific 
gravity. The new compounds have a 
gravity of approximately 1.45 in con- 
trast to the 0.85 specific gravity of 
ordinary hydraulic fluids. A particular 
advantage is found in their extremely 
high flash and fire points for use in 
circuits constructed adjacent to high 
temperatures such as injection molding 
machines. 

Aside from the hydraulic fluid itself 
there are also preventive methods that 
can be used in constructing circuits 
that will largely eliminate the en- 
trapment of air and moisture in the 
circuit. 

Since the inclusion of air and mois- 
ture in the operating system is directly 
contrary to optimum results., the de- 
mulsibility specification is of special 
importance. The two methods used to 
evaluate demulsibility are commonly 
known as Herschel demulsibility num- 
ber, and A.S.T.M. steam emulsion num- 
ber. The Herschel number should run 
1,620 minimum and should maintain 
approximately this value after a hun- 
dred hours or more of usage. Where the 
A.S.T.M. steam emulsion number is a 
means of evaluating demulsibility, the 
fluid’ should have a steam emulsion 
number of approximately 100 seconds 
maximum, for complete separation. Oils 
with extremely high resistance to mois- 
ture absorption will sometimes show a 
steam emulsion number as low as 30 
seconds for complete separation. The 
lower the steam emulsion number the 
higher the resistance to moisture ab- 
sorption and the more desirable for 
hydraulic use. 


[Editor's Note: The other important 
characteristics of hydraulic fluids will 
be covered in Part II of this article, 
to appear in the October number. 
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Improper quenching technique is a common cause of 
intercrystalline corrosion exemplified in this 24ST aluminum 
part. All wrought aluminum alloys of the duralumin type 
are susceptible to intercrystalline corrosion under certain 
conditions. Characteristic of this type of corrosion is that 
only a little corrosion product is visible on the surface of 
the alloy. Proper solution heat-treatment calls for careful 
temperature control and rapid cooling. Specifications should 
demand that best combination of corrosion resistance and 
tensile strength be obtained by quenching in a large volume 
of cold water immediately after solution heat-treatment. 
Small parts must be emptied from container into cold water. 


CAUSES AND CURES 


Propuct ENGINEERING will pay $3 for each example published in Causes and Cures. 
Where illustrations are necessary, include drawings, rough sketches or photographs 


Fracture started 
at pit 


longitudinal 
defects 





Surface defeet, such as checks, pits. inclusions, grinding 
or tool marks as are shown at the bottom, was the starting 
point of the fatigue fracture shown at the top. Specifications 
must include allowance for sufficient grinding to remove sur- 
face defects. Tool damage can only be eliminated by proper 
care. Close inspection will usually prevent such failures. 





Food-mixer motors, low-cost commutator type, created 
severe radio interference, customers complained. The manu- 
facturer corrected this serious objection by connecting very 
small and inexpensive condensers across the line. 





Tinning spun phosphor-bronze cream 
separator plates by hot dipping resulted 
in a coating which was stained yellow 
and was gritty by adherence of dross. 
Also, the phosphor-bronze, originally 
hardened by the spinning operation, 
had lost its temper and softened. In- 
vestigation disclosed that both the dip- 
ping time was too long and the tinning 
bath too hot. A clean coating without 
softening the blades was obtained by 
dipping in a bath at 490 deg. F. until 
parts reached bath temperature. 


inertia resulted 
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Vibration problems are conceded to 
be the universal headache of the chief 
engineer. One package machinery de- 
signer found the answer in magnesium 
alloy as a material to be used in high 
speed reciprocating part; much less action. It was noticed that the streaks 
than with the steel 
part it replaced. Another engineer 
found that the inertia of an aluminum 
pusher when changing direction around 
a sprocket imparted considerable vi- 
bration to the mechanism. So he sub- 
stituted machined plastic. 


Laequer finished dental stands got 
blue or brown streaks on them. The 
streaks took a long time to develop ex- 
cept when the surface was exposed to 
direct sunlight which accelerated the 


followed the lines of the hose, sus- 
pended in loops, used for water or air. 
It took a lot of pondering and testing 
before it was discovered that the anti- 
oxident used in the rubber compound- 
ing caused the trouble. Trouble was 
eliminated by changing anti-oxident. 
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Fig. 11—This circuit for bending bi- 








cycle frames shows automatic control 


of an extensive series of operations. 

1. Cycle is started by opening three- 
way pilot operating valve J, which 
causes cylinder 1 to clamp work. 

2. Toward the end of the stroke of 
cylinder 1 valve / is contacted by cam, 
and valve B is shifted, causing cylinders 
2 and 3 to bend work. 

3. When these cylinders have per- 
formed, pressure is built up, opening 
valve G, shifting valve C, causing cylin- 
ders 4 and 5 to make bends. 


4. Valve H will then open, shifting 


valve B, returning cylinders 2 and 3. 
Oil is admitted to valve C, which causes 
cylinders 4 and 5 to return. 

5. Upon the return of these two cyl- 
inders, built-up pressure opens valve 


K, which admits oil to valve M. This 


supplies oil to valve E, advancing cyl- 
inder 6. At end of stroke, pilot operat- 
ing valve L and valve M shift. This 
reverses valve E and returns cylinder 6. 

6. Oil flows also from valve M 


through valve N to valve O, which ad- 


vances cylinder 7. At end of stroke, 
pilot operating valve P is contacted. 
shifting valves N and O, returning 
cylinder 7. 

7. Oil will flow threugh valve Q to 
valve D and cylinder 8 will advance. 
At end of stroke, pilot operating valve 
T will be contacted, reversing valves 
Q and D, returning cylinder 8. 

8. Oil flows also through valve R 
to valve F, advancing cylinder 9. At 
the end of stroke, pilot operating valve 
S will be contacted, shifting valves R 
and F, and cylinder 9 is returned. 

9. Oil flows to valve A, releasing 
clamping cylinder 1. 


Fig. 12—Complicated milling machine circuit allows for 
difficult cycle of operations including dwell periods. To 
start the machine, open the shut-off valve, which will by- 
pass oil to pilot valve C, shifting valve B, and the index- 
ing cylinder will travel to the left. Cam K disengages 
indexing lock L, then engages ratchet for indexing ma- 
chine table. When the lock is removed from the index- 
ing plate, valve D is closed. At end of indexing stroke of 
cylinder 2, cam N will operate valve C, reversing valve B, 
and cylinder 2. 

At the end of indexing stroke, latch L has dropped into 
the lock groove in the indexing plate, valve D has been 
opened, and when valve C was shifted by cam JN, pressure 
was admitted through valve D to cylinder 3, which places 
control lever on valve A in the start position. Cylinder 
l will rapid traverse to the left, feed, rapid traverse to 
the right, feed, rapid traverse to the left, until stop cam G 
again engages stop plunger, stopping cylinder 1 and start- 
ing indexing cycle. 
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Dilot- Valve and Mechanical Control 


J. C. COTNER 
Logansport Machine, Incorporated 


Fig. 13——-Hydraulic 
special forming machine is set in mo- 
tion by a four-way hand-operated valve 
which actuates chucking cylinder, and 
operates valve B, causing facing tool 
feed cylinder 2 to rapid advance until 


operation of this 


i anal l E va/ve 

cam contacts speed control valve £. . » 

Cylinder then feeds for facing opera- Nok, am -{] 

tion. When facing is completed, cams / 

shift pilot valves H and J, operating Speed 
contro 





control valves B and C; cylinder 2 re- 
turns rapidly and cylinder 3 advances. 
When forming operation is completed. 
cam shifts pilot operating valve J, 


operating valves C and D. Cylinder 3 
then rapidly returns to starting position 


and cylinder 4 is placed into cut-off 
operation. At the finish of cut-off, cam 
shifts pilot operating valve K, operat- 
ing control valve D. Cylinder 4 rapid- 
ly returns to starting position. Oper- 


ator then places valve handle of con- 


trol valve A into position 2 which re- 


leases work in collect chuck. Cam- 
operated speed control valves control 


Feed cylinder 


form too/l--—= 


q 


Pilot operating valves start cylinder 3 at 
end of stroke of cy/inder 2 


c Filot operated control valve returns 
cylinder 4 at end of stroke 
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Fig. 14—Foot treadle and load and fire mechanism operate a 
four-way valve which controls a shear. Double pump is used to 
supply hydraulic power, the smaller having a low delivery to keep 
shearing cylinders up and off work during loading or standby 
period. In the working position oil is applied first to clamping 
cylinders and when predetermined pressure has been reached, 
by-pass valve will open and operate shear cylinders. Inching of 
shear can be obtained without operating treadle by bleeding off 
pressure from small pump through inching valve. 
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STAKING MACHINE 


Fig. 15—Flywheel in assembly provides energy for 
momentary high pressure needed for staking operations 
with a small motor. Cycle is started by hand control. 
When pressure in ram reaches desired point, pressure 
switch closes circuit of solenoid which reverses control 
valve causing cylinder to return. Relief valve on re- 
turn line is set at pressure just sufficient for ram return. 
During standby period, oil from pump flows through 
valve at reduced pressure eliminating heating. 
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RESISTANCE HEATING UNITS 


Their Selection and Application — Part I 


M. M. GREER 


Industrial Sales Manager, Edwin L. Wiegand Company 


N the first part of this article (Aug. 
P.E., pages 351-53) the different 
types and forms of electric resist- 

ance heating units were described and 
some of the factors bearing on the selec- 
tion of units were discussed. This con- 
cluding part of the article deals with 
ratings and life of heating units, and 
specifications relating to installation. 

Determination of a safe rating for 
the type of unit chosen is perhaps the 
most important single factor in the 
successful application of electric heat. 
Even in those applications where long 
life is secondary to speed or conven- 
ience, it is important to know just how 
far one may go before life becomes 
non-existent. In the case of the incan- 
descent lamp—itself a resistance heat- 
ing unit—it is possible, with the 
knowledge that operating conditions 
are more or less established, to design 
a product with an approximate operat- 
ing life in view. Not so with the aver- 
age heating unit. The operating condi- 
tions and uses to which the unit may 
be subjected are so varied that an 
accurate prediction of the life in terms 
of hours, is virtually out of the question. 

It therefore becomes necessary to fix 
certain standards of ratings and tem- 
perature requirements which years of 
experience and exhaustive tests have 
proved to be most conducive to reason- 
able life. Constructional details of the 
unit must always be a factor in setting 
these standards of safe rating, and for 
specific applications the manufactur- 
er’s catalog will prove to be an excel- 
lent guide. 

Aside from the actual construction 
of the unit, the life of the heating 
element will, in general, be the product 
of a number of factors, including watt 
density (watts per square inch of active 
heated area), sheath temperature, and 
the frequency of the on-off cycle. An 
excess of any one factor will shorten 
the life but by compensation of the 
other factors, life may be kept normal. 
For example, if rapid cycling is occa- 
sioned by a too sensitive thermostat, 
lower watt density will compensate. 

Watt density and sheath temperature 
are important as they affect the internal 
temperature of the unit. The resistor is 
the very heart of any heating unit and 
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beyond certain limits deterioration of 
the resistor increases rapidly with in- 
creased temperature. It may be said that 
anything that tends to increase the in- 
ternal temperature also tends to 
shorten the unit life. Conversely, if the 
internal temperature is kept at the most 
reasonable value consistent with the 
demands of economy and those of the 
application, the most reasonable life 
may be expected. Indeed, this one 
thought might serve as a guide through- 
out the whole process of selecting and 
applying heating units. 

The internal temperature may be 
thought of as being the sum of the 
sheath temperature and the temperature 
gradient or drop between the resistor 
and the sheath. The sheath temperature 
will depend upon the manner in which 
the unit is applied and upon watt 
density. Curves are usually available 
in manufacturers’ catalogs for estimat- 
ing sheath temperature for each gen- 
eral class of application, such as air 
heating, oven heating, contact heating, 
and others. Fig. 4 shows a typical curve 


NOTE 


area 
density 


of heaters by effective length of heater 
less 2 in. 
sq. in. 


= 3.57 sq. in. 


Density in Watts per Square Inch of the 
Effective Length 


500 600 


To calculate for heater capacity: Multiply total 
of heaters by number of heaters by watt 


Total area of strip heater = Area per linear inch 
Effective length of heater = overall catalog 
length 

Area per linear inch of 1 in. strip heaters = 2.5 


Area per linear inch of 1‘ in. strip heaters 


700 


for determining sheath temperature of 
strip heaters operated in free or forced 
air. Similar curves are available for 
other types of application. Figs. 5 and 
6 are for sheath temperatures for units 
in high-temperature ovens and units 
clamped to tank or other metal sur- 
face, respectively. The temperature 
gradient within the unit will depend 
upon the watt density and upon the 
effectiveness of the insulation in trans- 
mitting the heat generated in the re- 
sistor. In this connection the importance 
of a tightly pressed or solid insulation 
of high thermal conductivity will be 
readily apparent. The temperature 
drop through a hard, solid refractory 
may be several hundred degrees less 
than that through a similar heater 
having loose grain insulation. Conse- 
quently, the former heater will operate 
with a greater factor of safety at a 
given rating, or may safely carry a 
higher rating, so that fewer units will 
be required. 

The more important that life and 
dependability become in relation to 


plan with spacings between flats not 
less than two inches. 
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Fig. 4—Curves of sheath temperature at various watts density of Chromalox strip 
heaters in free air and in forced circulation of air 
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other considerations, and the more un- 
certain it is that heat will be readily 
carried away from the unit and that 
operating temperatures will be limited, 
the greater will be the desirability to- 
ward a conservative heater rating. 
Table III, listing allowable watt densi- 
ties for immersion heaters in various 
liquids, will serve to illustrate. 

Water will absorb heat very rapidly 
and the sheath temperature of a water 
immersion heater can never exceed by 
more than a few degrees the boiling 
point of water. Such heaters for occa- 
sional or intermittent use, percolators 
for example, may have high ratings for 
quick heating. Where dependability is 
an important factor or heaters are in 
continuous use, as in industrial appli- 
cations and domestic water tanks, lower 
ratings are advisable. 

Oil may reach higher temperatures 
than water and absorb heat less rap- 
idly, therefore lower ratings are in 
order. Lead and molten salts reach 
much higher temperatures than oil, but 
absorb heat readily and heater ratings 
may be only slightly lower than those 
for oil. 

And so on down the scale, to such 
materials as tar, asphalt, molasses, and 
glue which are very viscous, resist rapid 
transfer of heat from the unit and tend 
to carbonize or caramelize on the sheath 
of the heater if rated too highly. Glue 
is so liable to injury if overheated that 
it is rarely heated directly but rather 
through a water jacket surrounding 
the immersion heater. 
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Table III — Allowable Watt 
Densities for Immersion 
Heaters in Various Liquids 








APPROX. WATTS 
MATERIAL TEMP. PER 
In DecF. Soa. In. 
Water—occasional 
or intermittent 
service.........212 Max. 40 to 60 
Water—continuous 212 28 to 35 


Oil—circulating 
Oil—non-circu- 


100-400 20 to 25 


lating 100-400 16 to 20 
Lead 650-800 14 to 16 
Molten Salts 600-950 10 to 15 
Asphalt—Tar 200-600 6to 8 
Molasses 120 4 
O REE PES 150 Unwise to 

heat direct- 
ly; use 
water bath. 
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Having settled upon the type of unit 
and a rating in keeping with its in- 
tended service, the physical size and 
number of heaters necessary to make 
up the desired heater capacity may now 
be determined. It will often be found 
that modifications of some of the de- 
tails, as originally planned, may be 
desirable from the standpoint of econ- 
omy or may be made necessary because 
of physical limitations. 

The surface temperature of the unit 
and the possibility of corrosion from 
contact with the material being heated 
will govern the choice of heater sheath. 
For contact heating where the surface 


800 1000 1200 


Ambient Temperature, Deg. F. for Ovens Elc. 


Fig. 5--Density in watts per square inch of Chromalox strip heaters operating at 500 
to 1,200 deg. F. sheath temperatures for various ambient temperatures of still air 
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temperature will not exceed 750 deg. 
F., heating units are usually furnished 
with steel sheath and with the less ex- 
pensive nickel-chromium-iron alloy re- 
sistors. For temperatures between 750 
and 1,200 deg. F. the sheath may be of 
chrome-steel alloy, stainless steel or 
Monel, and the resistor made of heat- 
resisting nickel-chromium alloy. In 
humid atmospheres, Monel metal sheath 
may be used. 

Immersion heaters are supplied 
standard with copper or brass sheath 
for water heating and with steel sheath 
for use in oil and many alkaline solu- 
tions. For heating acids and other cor- 
rosive agents, heaters are available with 
sheaths of lead, stainless steel, Monel, 
Everdur, or other special alloy, or with 
a coating of synthetic resin. 


Installing the Unit 


Many of the details of installation 
must necessarily be worked out while 
the selection of the unit is being made. 
In the actual installation the problem 
divides itself into three more or less 
distinct parts. First, the transfer of heat 
from element to work must be accom- 
plished efficiently; second, the heat 
must be confined to the desired area 
with little waste; third, the temperature 
must be controlled so as to be main- 
tained at the desired level. 

The importance of providing for the 
most rapid and efficient transfer of heat 
consistent with the desired results has 
been noted. In contact heating this 
means close fit, 0.004 in. clearance per 
inch of diameter, between cartridge unit 
and drilled hole; adequate clamping 
of strip heaters or ring units to heated 
part. In the case of immersion heaters. 
agitation of viscous liquids, prevention 
or removal of scale formation on heater 
blades will do much to insure satisfac- 
tory operation. In heating rooms or 
ovens forced convection of air will per- 
mit the use of higher ratings in a given 
size heater. 

Economy and comfort usually de- 
mand that heat insulation be provided 
for applications where temperatures ex- 
ceed 150 or 200 deg. F. Where heaters 
are operated continuously, domestic 
water tanks for example, it is often 
economically desirable to insulate at 
temperatures below this range. Con- 
sideration of the relative importance 
of radiation losses to other heat require- 
ments will guide in determining the 
amount and type of insulation. 

Insulating material should never be 
placed directly in contact with the sur- 
face of the heating unit because of the 
danger of building up excessive tem- 
peratures in localized areas. For ex- 
ample, to insulate an air heater, use a 
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Wide Strip Heaters 
U A ao N 
oO o oO oO o 


Watts per Inch of Heated Length of 1% In. 
N 
© 


To isemine ifo sia M. ufte pae A a ay 
heater heated length: Select desired sheath temper- 
ature, calculate ambient temperature by dividing sum 
of sheath temperature and temperature of material 
in the tank by 2 and read resulting watt rating from 


Fig. 6—Sheath or surface temperatures of 1'4 in. wide strip heaters clamped to tank 
or pipe, for various ambient temperatures and wattage ratings per inch of heated 
length. Heated length of strip heaters shorter than 301% in. is 4 in. less than overall 
length; strip heaters 3014 in. long or longer have heated length 5 in. less than overall 


length; 
wide strip heaters have 2.31 sq. 


double shell to contain the insulation 
and allow an air gap between the inner 
shell or tank wall and the heating ele- 
ment. This will allow the air tempera- 
ture surrounding the heating element 
to become uniform, and the heat ab- 
sorbed by surrounding metal surfaces 
of tank wall will eliminate the danger 
of localized excessive temperatures. 

It is seldom possible to select a 
heater capacity which will meet the 
demands for initial heating time and 
also hold required operating tempera- 
ture under changing conditions of 
operation, so that some means of tem- 
perature control usually must be pro- 
vided. Simplest perhaps, is the manual 
control afforded by merely turning the 
heaters on and off or by selecting any 
one of a number of predetermined wat- 
tage positions and a multi-heat switch. 
The surface unit of a domestic electric 
range, for example, may be turned to 
high heat for quick heat-up and then 
to one of the lower speeds for econom- 
ical cooking. 

The heating units in large applica- 
tions may be wired into a number of 
separate circuits so that a part of them 
may be cut out after final operating 
temperature has been reached. With 
three-phase line supply a delta-wye 
switch is often used, the circuit being 
shown in Fig. 7. The banks of heaters 
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1⁄4 in. wide strip heaters have 3.45 sq. in. of surface per linear inch; 1 in. 
in. of surface per linear inch 


may be connected in delta for quick 
heat-up or when unusual demands for 
heat must be met. When less heat is 
required the bank may be quickly re- 
connected in wye to operate at one- 
third rated wattage. In salt bath appli- 


o hromalox ” units 


This position This position 
“Y"or star delta 
connecti on connection 
ae 


3PDT. switch 


i. F 4° phase 
line 


To control 
circuit of 


cations this process may be reversed, 
While the salt is in solid chunks, heat 
transfer between the elements and the 
material is at best uncertain and heat- 
ers are operated on reduced wattage to 
limit the temperature of the units to 
safe values. When the material has be- 
come molten, the switch may be turned 
to high heat to bring the material to 
final temperature rapidly, after which 
the heaters may be operated on full or 
reduced wattage, as occasion demands. 

For most economical and uniform 
results, a thermostat is invariably used, 
often in conjunction with one of the 
switching arrangements mentioned 
above to reduce the load factor and 
drain on the power supply. A typical 
application is shown in Fig. 8. The 
thermostat may in some instances form 
an integral part of the heaters; usually 
it is more convenient to locate it sepa- 
rately. The activating element of the 
control is usually either a bi-metallic 
strip or a bulb filled with gas or liquid 
and, for best results, this member 
should be located as near as possible 
to that part of the device or material 
whose temperature must be closely 
regulated. 

To summarize, almost every heating 
problem can be solved by use of electric 
resistance heating units, and it is pos- 
sible to arrive at this solution by apply- 
ing engineering fundamentals and 
common sense to the selection of the 
proper units. If the units are carefully 
chosen and thoughtfully applied, paying 
proper heed to watt density and basic 
physical laws, satisfactory results can 
be assured. 


Control 
switch 


Two pole 
contactor 


Thermostat 


Heating units 


3 pole line 
contractor 


FIG.7 


Fig. 7—Typical wiring diagram for three-phase power supply and using a delta-wye 


switch. Full heat is obtained on delta connection, one-third on wye or star connection. 


Fig. 8—Typical wiring diagram for electric resistance heater circuit using a thermostat 


and contactor 
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STUFFING BOXES-I 


Pressure Sealing Devices for Rotary Shafts 


TUFFING BOXES, or seals, can 
be divided functionally into those 
which seal against hydraulic 

pressures and those which seal against 
gas pressures. All sealing arrangements, 
however, are based either upon the 
establishment of an impervious joint 
between two members not integrally 
connected, or by throttling down the 
operating pressure. which is accom- 
plished by forcing the sealed medium 
to travel through a maze of small clear- 
ances in the sealing device. The sim- 
plest illustration of the impervious joint 
type seal is the flange union, whereas, 
a good example of the application of 
the latter principle is a labyrinth seal. 

Regardless of the type of service, the 
usual stuffing box assembly for rotating 
shafts, in which the rotor and stator 


A. BROTHMAN 


Engineering Department, Hendrick Mfg. Company 


signed for a predetermined amount of 
leakage, usually stuffing box design re- 
quires theoretical freedom from leakage. 

From the viewpoint of construction 
there are two types of stuffing box 
assemblies. The first type, illustrated by 
Fig. 1, involves the application of a dis- 
torting or deforming force to a definite 
volume and shape of packing against 
the resilience of the packing, thus forc- 
ing the packing to seize the shaft and 
also the inside wall of the packing box. 
The second type, shown in Fig. 2, em- 
ploys a rotating device attached to the 
shaft, in which a spring member exerts 
a deforming pressure against a mate- 
rial of low yield characteristics con- 
tained in the rotating assembly. The 
spring member also forces a rider mem- 
ber to ride with a predetermined pres- 


minimum. The spring pressure also 
maintains a tight joint between the seal- 
ing ring and the floor of the box. 

In the design of stuffing boxes of the 
type in which the packing is deformed 
by compression, the problems encoun- 
tered are: the determination of the 
necessary gland pressure, the selection 
of the type of packing, and the method 
of jacketing the box if necessary. Three 
different methods. of obtaining gland 
pressure are shown here. Fig. 1 shows 
the “bolted flange arrangement,” while 
Figs. 2 and 3 illustrate respectively the 
“spring method”? and the “screwed 
gland method.” These are the methods 
in common use though they are not the 
only ones. The problem of the choice of 
packing materials or combinations must 
be approached in two ways, one con- 








members maintain contact through fric- sure on a thrust loading bearing seal sideration is the selection of packing 
tion. has for a basis of design some ring. The spring pressure exerted on the having suitable chemical resistance to 
| combination of both principles. The material in the rotating container forces corrosion properties as well as me- 
proof of the foregoing statement is the material to expand, thus accom- chanical properties which assure long 
: founded upon two separate conditions, plishing a seizing of the container and life, the other consideration is the choice 
notably the existence of pressure gradi- the shaft. The spring pressure also re- of a material that requires a minimum 
o è . . . 
P ents in stuffing boxes and, secondly, the duces the thickness of the lubricant film of gland pressure. The factors which 
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fact that while labyrinth seals are de- between the rider and seal ring to a promote resistance to chemical corro- 
n 
Garlock ss Gland nut--> 
Klozure ' 
aan) aw 
AU ZZ: 
TE 
Asbestos} 
-Stuffing 
box 
S/eeve---- ~--Washer 
Neoprene. 
gasket 
ye 
m. 
tat Fig. 1—Stuffing box in which a force is applied to distort or deform a resilient packing. Fig. 2—Rotating device attached to shaft 


with spring member which exerts a deforming pressure on packirg. Fig. 3 -Threaded gland nut type of stuffing box 
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sion are beyond the scope of this article, 
but may be briefly set forth by saying 
that the matrix of the packing and any 
imbedded or impregnated materials or 
compositions should be chemically inert 
to the medium to which the box is ex- 
posed. Some desirable mechanical prop- 
erties for a packing are: 

1. Low coefficient of friction between 
the packing and the shaft. 

2. Insolubility of the packing lubri- 
cant in the medium against which the 
box works. 

3. High resiliency. 

4. Absence of ingredients in the 
packing composition that could impair 
the working surface of the shaft. 

The mechanical properties of the 
effective portions of a packing combina- 
tion can be altered by the inclusion of 
relatively inert members in the packing 
combination. Thus, the inclusion of lan- 
tern ring arrangements may effectively 
reduce the coefficient of friction of the 
packing with the shaft, and the inclu- 
sion of dummy or bull rings may, by 
effecting the equal distribution of the 
gland pressure, prevent the excessive 
wear of any single portion of the pack- 
ing or the uneven distortion of the 
packing shape. When determining 
whether or not a box will require a 
water jacket two factors are considered, 
these are the power loss in the shaft 
because of friction and the conditions 
affecting the heat radiating capacity of 
the box as determined by its shape and 
ventilation conditions. 

A detail of stuffing box design which 
deserves some attention is the use of a 
bushing and its location if used. Figs. 3 
and 4 show two different types of boxes 
having alternate positions for a bushing 
or bearing. The selection and design of 
a bushing member are often complicated 
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Fig. 4—Spring loaded stuffing box with straight bushing for shaft bearing in gland 
Fig. 5—Threaded gland box with flanged bushing for shaft bearing in floor of box 


by the corrosion properties of the 
medium against which the box works. 
When corrosive mediums are present 
the design may require the provision of 
a seal to prevent the medium from 
attacking the bushing; such an arrange- 
ment is shown in Fig. 5. Where the 
bearing load to be assumed by the 
packing is small the bushing member 
may be eliminated from the design. 

When serving as a bearing the bush- 
ing limits the deflection of the shaft in 
the box to a minimum thus increasing 
the life of the packing and reducing 


Table I—Typical Yield Limits and Compression Factors 


TYPES OF PACKINGS 


Ce MEU a> 


TYPES OF 
SEAL RINGS 


Rubber 





Soft asbestos composition 


Asbestos cloth. ... $ 





Semi-metallic comps.......... 


Hemp and lubricant 


Rubber Rss kus eee bee 


Rubber comps. and inserts. . . . 


Close-weave asb. comp........ 


Aluminum........ 


a | 








Leather rings 


Babbitt foil and rings 





White metal foil and rings. AAN 


Babbitt rings.....| 2,500 | 


For all cases, b will equal 
the width of ring or pack- 
ing divided by 2 








Felt rings (medium) 








the required gland pressure. The fac- 
tors which enter into the design of the 
bushing member are the allowable bear- 
ing pressure P for the two metals in 
contact as determined by the condition 
of lubrication, the diameter d of the 
shaft, the length / of the bearing, and 
the radial load L on the bushing. 
P = L/ (ld) (1) 
The gland load in a stuffing box can 
be calculated from three equations. 
Determine the minimum force F, re- 
quired to deform or yield the packing 
b = effective packing yielding width, in. 
C = centerline diameter of packing, in. 
y = yielding limit of packing, |b. per sq.in. 
Fi\=rbCy (2) 
Calculate the force F+ required to 
compress the packing under pressure 
m = unit compression factor 
p = pressure of medium against which 
box works, lb. per sq.in. 
° F:=2rbmpC (3) 
Typical values of y and m are given 
in Table I for various materials. 
Assuming that the hydrostatic end 
force U acting in the box operates over 
an area bounded by the shaft and by 
the center line diameter of the packing, 


loan oe So 1) 
U 4 C d?) p ( 


The greater of the values given by 
Equations (1) or (2) plus (3) can be 
taken as W, the gland load. 

When a screwed gland is used to ob- 
tain gland pressure, the gripping length 
of threads /, required to prevent strip- 
ping of the threads on the box body or 
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in the gland nut can be calculated from 

D; = dia. of thread in gland nut, in. 

S, = allowable shearing stress for the 
weaker of the two materials in con- 
tact, lb. per sq.in. 

Ww “i 

7 DB n 

From 1 to 14% in. additional length of 
thread for adjustment in taking up the 
slack in the packing is advisable. 

Where a bolted flange arrangement is 
used for effecting the gland pressure. 
the minimum bolting area A, can be 
calculated from 


l = 


S, = allowable stress in tension for bolt 
material, lb. per sq.in. 


Ay = A (6) 
After selecting the minimum number 
of bolts nı whose combined root areas 
approximate the minimum bolting area 
A, solve for the bolt load W, from 
Wi = n X ar X Sp i$) 
Then if W is the gland load and h, is 
the lever arm. or the radial distance 
from the point of application of the 
force W to center line of bolt-circle, 
and M, is total moment on box flange 
M =W X hi (8) 
representing the internal di- 


With D: 


ameter of the box in inches, the unit 
flange moment M; can be calculated 
from 


Mı 

M: = De (9) 
Assuming a value for the tangential 
stress S, in the flange sufficient to obvi- 
ate the necessity for considering the 
radial stress in the flange or the shifting 
of some part of the longitudinal stress 
in the box wall to the box flange (this 
value may be set at 8,000 lb. per sq.in. 
for cast steel or 12,000 lb. per sq.in. for 
forged steel), the required box flange 
thickness ¢, can be calculated from 


1 4 
VM, res 
1 


where Y is a factor obtained from Fig. 6 
corresponding to the ratio of the box 
flange diameter Dr to the inside diam- 
eter Da or K = Dy/D.. Similarly the 
thickness of the gland flange can be 
computed from the same equation 
where the value of Y is that correspond- 
ing to D-/d the K value obtaining for 
the gland. The unit moment for the 
gland flange is, of course, determined 
in the same manner as that for the box 
flange. These calculations for the box 


and gland flange thicknesses are based 
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on the assumption that the distribution 
of the flange moment is uniform. 
Whether or not the flange moment will 
be uniformly distributed depends upon 
the bolt spacing k, flange thickness re- 
quired ¢, and the size of bolts z required 
to take the load. To adjust the flange 
thickness for non-uniform moment dis- 
tribution the flange thickness as pre- 
viously determined should be multiplied 
by the following factor when the value 
of the factor is greater than one, 


k m 
5- | = factor (11) 
wa T h 


However, the value for the box flange 
thickness thus arrived at and checked 
may still be unacceptable if capscrews 
or studs engage threaded holes in the 
flange. When this condition exists, the 
minimum flange thickness should be 
calculated from 

disi Wi 9 
es x T? X Š (12) 





Let Są be the allowable longitudinal 
or axial stress in box wall, then the 
thickness of the box wall t+ is given by 


w \⁄ 
b= E - (» <i :) | (13) 


Where the box is jacketed, the box wall 
thickness may also be calculated to re- 
sist the collapsing pressure exerted by 
the cooling medium. Usually the value 
thus arrived at will be insignificant in 
comparison to the value obtained as 
necessary to withstand the longitudinal 
stress in the box wall, therefore the 
value obtained by Equation (13) should 
be employed. 

The thickness of the floor portion is 
usually determined by the length of the 
bushing member incorporated into the 
floor of the box. The force F; borne by 
the floor of the box is 

Paw- U (14) 
The unit working pressure which is then 
stressing the member is 
F3 
T (D? = d), t 
Hence, where p is the pressure in lb. per 
sq.in. inside the kettle or container to 
which the box is applied and P, is the 
pressure on box floor caused by gland 
pressure, then 
+ (p = P,) (16) 
is the working pressure which is con- 
sidered in the formulas approved by 
the A.S.M.E. for flat heads of the in- 
tegrally attached type, to wit 
t =d y C P/S (17) 
Hence the minimum floor thickness t, 
may be obtained from 








(15) 


bai [0.25 x (p — Pi) r 
ts = D; 4 aes ue (18) 


(To be continued in November P.E.) 
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New Feature—“Causes and Cures” 


Evokes Many Comments from Previewers 


[Editor's Note—Some time ago we con- 
ceived the idea for a new monthly fea- 
ture in Propuct ENGINEERING—a page 


called “Causes and Cures” wherein de- 
sign engineers present examples of 
design faults and tell how they were 
corrected. “Causes and Cures” makes 
its first appearance on page 411 of this 
number. In order to get a final check 
on our idea and possible suggestions 
for further improvements, we sent out 
preprints to a few of our readers asking 
them what they thought about it. Some 
of their comments are briefed below. 

We were able to send out only a 
small number of preprints, but now all 
of our readers have a chance to look at 
“Causes and Cures.” The editors will 
appreciate comments pro and con from 
anybody and everybody. If you like 
“Causes and Cures” we want to know 
it. If you have suggestions for improv- 
ing it. we want to know that too. Inci- 
dentally, we hope that many more of 
our readers will join the family of 
Propuct EnGINEERING contributors 
through this new department. | 


Bound to stimulate thought 


We are pleased to see that you are 
introducing the new feature “Causes 
and Cures.” It is bound to stimulate 
thought in our designers whether the 
cases discussed are applicable to our 
work or not. The examples do illustrate 
fundamentals which cover innumerable 
applications and yet are not recognized 
until they are brought out in discussion. 


—F. D. MILLER 
Chief Engineer 
Mixing Equipment Company, Inc. 


Water over the dam 

We believe this is a splendid idea, 
and although we also had experience 
along this line, since this is “water over 
the dam” we at the present time have 

no contribution to make. 
—R. NorpgQuist 
Chief Draftsman 
American Can Company 


[Editors Note—Some of your experi- 
ences may be “water over the dam” as 
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far as you are concerned, but not to 
other design engineers. Don’t hesitate 
to send in your experiences from the 


past. If it is new to our readers, it is 
acceptable. | 


Answer to stumpers 

No one man or small group of men 
can know all of the answers, and if we 
have an opportunity to read the an- 
swers to “stumpers,” our engineering 

education is bound to be enhanced. 
—E. W. ALLARDT 
Chief Engineer 
The Yoder Company 


Suggests grouping by subject 


“Causes and Cures” is very interest- 
ing and I think this should appeal to 
quite a number of your readers. We 
suggest, however, that you try to group 
them, after you have collected enough, 
into related subjects.—THOMAs BARISH 

Assistant Chief Engineer 
Marlin-Rockwell Corporation 


Consider failures—not successes 


You are to be congratulated on your 
idea of the monthly feature “Causes 
and Cures.” We are all inclined to pub- 
licize our successful efforts more than 


Engineering Societies 


This month Propuct  ENncI- 
NEERING inaugurates another new 
feature page called “Engineering 
Societies” which summarizes cur- 
rent activities and plans of the 
many engineering societies and 
manufacturers associations. Look 
for it this month and every month 
on page 4, in the front of the 
magazine. 

“Engineering in Washington” 
has been moved from page 4 to 
the News and Summaries section, 
page 425 of this number. 


¥ 
H 
p 
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Question and Comment 


our mistakes. Consideration of our fail- 
ures and the methods used to overcome 


errors are of much greater interest and 

value. —W. M. FLemine 

Chief Engineer 

Worthington Pump and Machinery 
Corporation 


Good idea—if 


Your new monthly feature is a good 
idea if you can succeed in getting 
enough good material to keep it going. 
The tendency will be, I think, to ge 
too many elementary cases which are so 
obvious that they will be of no interest 
to experienced designers. 

—M. S. Leonar 
Chief Engineer 
B. F. Sturtevant Company 


| Editor’s Note—We recognize this dan- 
gerous possibility. It won’t happen if 
you readers send in some of the good 
material we know you must have. | 


Anything Wrong With 
This Turntable Drive? 


To the Editor: 


The problem recently raised in the 
“Question and Comment” section, con 
cerning a constant speed drive for a 
turntable to eliminate a heavy flywheel. 
has aroused my interest. For precision 
turntables, the problem seems to be 
that of eliminating very slight fluctua 
tions caused by such as imperfection: 
in the gear reduction, etc. I am submit 
ting herewith for the criticism of your 
readers, an idea for getting rid of these 
fluctuations. I frankly admit that I am 
not thoroughly acquainted with turm 
table drives, and have never taken this 
idea of mine beyond the purely thee 
retical stage. 

The device consists simply of a rub 
ber-tired wheel “floating” between two 
small flanged wheels, one of which 
pinned to the drive shaft, the other 
pinned to the turntable shaft. 

From the diagram herewith. if the 
drive wheel suddenly speeds up. an 
slight inertia which does exist in the 
turntable resists this acceleration, an 
the forces between the drive wheel and 
the rubber wheel tend to push the latter 
downward. This movement causes te 
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Jinks to squeeze the rubber wheel 


‘harder against the turntable wheel. 
thus reducing the radius of rubber on 
‘that side, and at the same time increas- 
fing the radius of the rubber on the 


| drive wheel side. These changes in ra- 


F dius counteract the sudden accelera- 
tion. When the drive returns to normal 
speed, the elastic forces in the rubber 
will cause the center wheel to return to 
its normal position. When the drive 


. | wheel suddenly decelerates, the reverse 
j Ș action will take place. Thus the rubber 








¢ 
T 
’ Rubber-tired 
rd 
ng 
g. S 
et e a er r : 
i Turntable Drive shatt (driven 
i shaf through reduction 
est gears) 
iRD 
eer wheel will bounce back and forth to 
mn) compensate slight fluctuations. 
Of course, considerable experimenta- 
an- tion may be necessary before the right 


1 if § cross-section of the rubber tire and the 

ood @ correct linkage are determined. Also, it 
may be found necessary to return the 
tubber wheel to neutral by means of 
steel springs or some other balanced 
device. It looks okay—but is it? 

| —J. K. Harriman 


Hartford, Conn. 


ithe | The Myth and the Facts 


co f Of Mass Production 
or a 


hee. Æ To the Editor: 


as A While browsing through the Chicago 
o be Daily Tribune for July 27, I ran across 
ictu E an editorial entitled “The Myth and 
ction: E the Facts of Mass Production” wherein 
ibmit the editor has grasped and placed be- 
you fore the public a great truth. The 
thes È editor writes: 
I am “... fundamental of the mass pro- 
tum @ duction system as it operates in Amer- 
n thi: ican industry is that it is geared to the 
theo pice system. The designers do not 
have the final word. They may bring 
a rub E forth a beautiful idea, but when the 
en tW H production men start to figure its cost 
nich ¥ È ad find that it is impracticable, either 
other ause it requires too expensive ma- 
terial, or because the machinery to do 
if the the job is not immediately available, or 
p. a! cause the operations necessary re- 
in the È quire too much labor—then the beau- 
n, anè G tiful idea goes out the window. This 
eel ani i not true of government orders. In- 
e latter B stead of setting forth requirements and 
ses the allowing production men to meet them 
SERIN E September, 1940 





in a practicable manner, the designers 
have the final word on every last 
thread of every last bolt. Naturally, 
the government pays for this, in money 
and in delayed deliveries. 


“If mass production is to rearm 


America, three things must be done: 
Orders must be placed in large enough 
quantities to permit manufacturers and 
train employees in the special skills 
needed. There must be no change in 


designs once they have been approved, 


And the production men, and not the 
designers, must be given the last word. 
If the Army and Navy keep insisting 
on perfection they will end up with 
no weapons at all, or at least an in- 
sufficient quantity of them.” 


Although I am a design engineer, I 
do not take exception to the Tribune’s 
belief that the production man’s last 
word should be placed over that of the 
design engineer. Interpreted broadly, 
the statement means that the govern- 
ment right now ought to stop thinking 
of small-order production as merely an- 
other phase of design. Somewhere 
along the road to preparedness, the 
government wagon has got to be stopped 
long enough for the production man 
to climb on and take over the reins. 
The government must “freeze” what 
acceptable designs we already have de- 
veloped for tanks, planes, armored 
cars, etc., and be satisfied with them. 

Design engineers will have to stop 
trying to dribble those “last little im- 
provements” into present military de- 
signs. They will have to wait until 
mass production tools have turned out 
the first 1,000 planes, 500 tanks, or un- 
til the production man says “go” to 
ideas calling for new tools and jigs. 

Anyway, the designer will be busy 
enough planning for airplane No. 1,001 
while the first 1,000 are being built— 
if this country is to produce enough to 
fill out its preparedness program and 
still keep its claimed leadership in 
military design. —BurrTON FIELD, 

Oak Park, Ill. 


Light pressure here 


releases treadle _- 
i a ae 


Treadle is held down by link 


which rotates past center 


The Designers 


The designer bent across his board, 


Wonderful things in his head were 
stored. 

And he said as he rubbed his throb- 
bing bean, 


“How can I make this thing tough to 
machine? 
If this part here were only straight 


I'm sure the thing would work first 
rate. 


But *twould be so easy to turn and bore 

It never would make the machinists 
sore. 

I better put in a right angle there 


Then watch those babies tear their 


hair. 

Now I'll put the holes that hold the 
cap, 

Way down in here where they’re hard 
to tap. 


Now this piece won't work, Ill bet a 
buck, 


For it can’t be held in a shoe or chuck. 
It can’t be drilled or it can’t be ground 
In fact the design is exceedingly 
sound.” 

He looked again and cried—“At last— 
Success is mine, it can’t even be cast.” 

—KEN LANE 

Lynn, Mass. 


[Editors Note—Perhaps this poem ex- 
presses the tool engineer’s opinion of 
the designer. At any rate, it was printed 
on the back of the program for the 
Annual Outing of the Boston Chapter 
of A.S.T.E.] 


Link Swings Past Center 
To Lock Treadle Position 


To the Editor: 


We believe that the Hardinge self- 
locking treadle shown herewith is an 
interesting addition to the collection of 
pedal and foot-operated lever arrange- 
ments presented by Fred Adams in a 







t 
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recent series of PRODUCT ENGINEERING 
articles. 

The treadle is self-locking in the 
down position. This locking action is 
obtained by a link which, when the 
pedal is fully depressed, swings past 
center such that the pressure of the 
spring-returned control rod acts to hold 
the treadle down. Slight pressure at 
the heel section of the pedal releases 
the treadle, which then freely returns 
to the up position. A slight bend in 
the link comes to bear against a stop 
on the cast treadle to prevent over- 
travel on the return stroke. 

The complete device is simple in 
construction, requiring only three cast- 
ings, the treadle, the base and the bell 
crank; and a link made from bent 
steel rod. —D. R. Laux, 


Hardinge Brothers, Inc. 


Can You Work This One? 


H. E. SMITH 


Solution to August problem— 


Count Your Cards 
While dealing regularly in bridge, 
South dropped some undealt cards on 
the floor. He observed that the number 
of cards on the floor was two-thirds the 
number he had dealt to West, and the 
number dealt to East was two-thirds 
the number still in his hand. The prob- 
lem was, how many cards had been 
dealt? If you dive into a little guess- 
work and/or simple calculations, you 
come up with the answer of 34 cards 
dealt, 9 to West and North, and 8 to 
East and South. There were 6 cards 

on the floor and 12 still undealt. 


This month’s problem— 


How Deep the Pond? 


A man wanted to find the depth of a 
small pond on his land, but had no way 
to get out to the center to take sound. 
ings. However, he noticed that a water. 
lily, growing straight up from the bot. 
tom, had its blossom exactly one foot 
above the surface. One day a strong 
wind blew this waterlily over until jt 
was level with the water surface, at 
which time the blossom was six feet 
from the point on the surface at which 
it first stood. Assuming that the stem 
remained straight, what was the depth 
of the pond? 


Case Histories in Patent Law 


(Epiror’s Note: The purpose of 
these Case Histories is to give a better 
understanding of the patent law in the 
public interest. The author advises 
that actual cases should be submitted 
to your own patent attorney.) 


No. 18 


Question: How can the activities in 
patent matters of a competitor be 
checked before his patent applications 
issue into patents in the United States? 


Answer: While United States Patent 
Office applications are secret and their 
contents are not revealed until the pat- 
ents are actually issued, yet there are 
a number of ways of getting a fair idea 
of what your competitor is doing pat- 
entwise. 

If the competitor follows the prac- 
tice of having his inventions assigned 
to him, the serial number and title of 
the invention may appear upon the as- 
signment records of the United States 
Patent Office, which are open to any- 
one’s inspection. This will give a pretty 
fair hint of the subject matter of the 
invention and the date when the appli- 
cation was filed. 

But more important still are the rec- 
ords of foreign countries, because for- 
eign countries require the publication 
of applications when they are ready 
for allowance to give a period for oppo- 
sition and other legal proceedings. 

For instance, a careful perusal of the 
publications of applications for Letters 
Patent, which are preliminarily pub- 
lished by the British Government, will 
enable you to determine exactly the 
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general subject matter from the draw- 
ings and specifications of the proposed 
patent that the British Government is 
going to allow, unless there is an oppo- 
sition. The result is that a correspond- 
ing application in the United States 
can be seen disclosed in the British 
application. This is due to the fact that 
it takes longer to prosecute applications 
in the United States than in Great 
Britain where they are under certain 
time limits requiring their early allow- 
ance. As a consequence, applications 
in Great Britain often mature in pat- 
ents many months and sometimes years 
before their corresponding counter- 
parts in the United States appear. 
Likewise, in Canada, many patents 
are issued prior to the corresponding 
patent applications being issued into 
patents in the United States. A careful 
check of the Patent Office Gazette in 
Canada enables you to see the draw- 
ing and other descriptive data, which 
will give you an idea of the nature of 
the invention. Unfortunately, Canada 
does not publish its patents, so that if 
you desire a copy, you will have to pur- 
chase a duplicate in typewriting of the 
specification and a duplicate of the 
drawing. This is often very expensive. 
But where the matter is worth it, a 
complete disclosure of the Canadian 
patent oftentimes reveals exactly what 
is pending in the U. S. Patent Office. 
Likewise, in Germany there is a 
period of publication by which the ap- 
plication is laid open to public inspec- 
ton for opposition. Here is another 
fruitful source of information. 
Somewhat similar practices are fol- 


lowed in other European countries and 
a careful check of their records, their 
publications and Official Gazettes en- 
ables the astute competitor to have a 
pretty fair idea, sometimes many 
months or years in advance of the 
actual event, of what is pending in the 
Patent Office in the name of a com 
petitor and what will be issued. 
The virtue of following such ideas is 
this. It is possible to thereby call upon 
the Patent Office to declare interfer: 
ences with your applications that are 
pending in the United States Patent 
office, which might not otherwise come 
to the attention of the Patent Office. By 
having such interferences declared, the 
question of who was the first inventor 
of the idea can be settled in the United 
States promptly without the expense of 
extended litigation at a later date 
Then, again, if a competitor has devel 
oped an idea, which, when ultimately 
patented in the United States, wil 
cover the apparatus or the process thal 
you are practicing or using, then this 
knowledge will enable you to make 
changes in time to avoid litigation. 
These are all steps in “preventative 
law” which should be taken by even 
alert manufacturer. Much of the & 
pense that results from legal proceed: 
ings is caused by failure to take thes 
normal precautions which the law pt 
vides, but which so many manufactur 
ers neglect until they are forced ™ 
enter into expensive litigation or Pat 
ent Office interferences. Then they cot 
plain of the unnecessary burden 
litigation and the complications tht 
result, not to speak of lawyers’ bills 
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High-Speed X-Ray Tube Takes Radiographs 
At Millionth-of-a-Second Exposures 


May make possible the motion picture study of internal strains in 
fast-moving machine parts, say Westinghouse research engineers 


MILLIONTH - OF-A - SECOND radiographic 
exposures have been successfully made 
by a newly developed cold-cathode ul- 
tra high-speed X-ray tube in Westing- 
house Lamp Division’s Research Labo- 
ratories at Bloomfield, N. J. Accord- 
ing to Dr. Charles M. Slack, Westing- 
house research physicist who recently 
described the new radiograph to mem- 
bers of the American Physical Society, 
development of the tube extends the 
possible usefulness of the X-ray science 
into wide new fields of engineering. It 
may make possible X-ray motion pic- 
tures and the study of internal strains 
in rapidly moving parts of motors and 
machinery, enabling man literally to 
see into rapidly moving opaque objects 
and study the effect of sudden forces on 
such objects. 

As developed in the laboratory, the 
new X-ray tube contains three ele- 
ments: a standard anode; a small oval- 
shaped metal cathode; and an auxiliary 
electrode which serves as a “trigger” to 
start the discharge of electrons when 


Using their new high speed X-ray tube, Westinghouse research 
engineers Dr. Charles M. Slack and L. F. Ehrke prepare to 
shoot” a radiograph of a bullet passing through a wood block 
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the tube is activated, but immediately 
thereafter assumes the role of focus- 
ing cup. The trigger element permits 
anode and cathode to be separated suf- 
ficiently to forestall formation of a low- 
voltage arc discharge which would pre- 
vent production of X-rays. 

The circuit works this way: Capaci- 
tors are charged to about 90,000 volts. 
A spark gap in series with the tube 
withholds this voltage from the tube 
until an impulse is given from an auxi- 
liary timing circuit. When the timing 
circuit is broken, such an impulse is 
created and is added to the main volt- 
age of the capacitors, causing the ca- 
pacitors to discharge across the gap 
and through the tube. 

To create at the desired instant the 
impulse which causes the discharge, a 
strand of fine wire in the timing circuit 
is placed just ahead of the golf ball, 
baseball, or other object to be radio- 
graphed. The X-ray tube is placed at 
one side, opposite the cassette contain- 
ing the film, so that the object to be 


pictured is directly between tube and 
film, as near the film as possible. The 
object moving at high speed breaks 
the wire and interrupts the circuit, dis- 
sipating the negative charge on the grid 
of a thyratron tube in the timing cir- 
cuit. This permits a capacitor in the 
timing circuit to discharge through the 
primary of an induction coil, creating 
a voltage impulse sufficient to discharge 
the capacitors in the tube circuit. 

At that instant, the tube receives a 
momentary “jolt” of some several hun- 
dred to approximately 2,000 amp. at 
between 90,000 and 100,000 volts. Con- 
ventional types of X-ray tubes are usu- 
ally operated with 4 amp. or less cur- 
rent. The momentary surge of X-rays 
produced by the jolt exposes the radio- 
graph. Exposure time, approximately 
one microsecond, has been measured 
from a radiograph of a high sped bul- 
let in flight through the air. 

Key to the ability of the newly de- 
veloped tube is the auxiliary electrode, 
which harnesses and puts to work a 
once avoided phenomenon known as 
cold emission, which is caused by 
erratic flow of current from parts of the 
tube other than the heated cathode or 
filament. 

In laboratory experiment, research 
engineers have taken  millionth-of-a 
second radiographs of moving bullets, 


Radiographs of .22 bullets blasting their way through wood, 
taken with action-stopping millionth-of-a-second 
Note partial sealing of hole in B, literal explosion in C 


exposures. 
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golf balls being driven from a tee, base- 
balls being batted, and numerous other 
objects. Many possible applications, 
such as radiography of metal, will re- 
quire more powerful tubes and equip- 
ment than those used in the laboratory. 


Billion Dollars Yearly 
Needed for Research 


URGING every industrial company in the 
United States to spend 2 per cent of 
their gross income for research, Dr. 
Karl T. Compton, president of the 
Massachusetts Institute of Technology, 
stated that this needed total would 
amount to more than a billion dollars 
a year—probably five times as much 
research as is being done now. 

“The future of America depends 
largely upon industrial research,” said 
Dr. Compton. “Although many com- 
panies have done a research job of 
which America can be proud, research 
is still one of the least developed re- 
sources of the nation. National de- 
fense needs make it particularly urgent 
in the months ahead for America to 
lead the world in research.” 

In June, 188 companies were sur- 
veyed by the National Association of 
Manufacturers Advisory Committee on 
Scientific Research, of which Dr. Comp- 
ton- is chairman. While the results of 
the inquiry revealed that ten companies 
spent over 10 per cent of their gross 
income for research, the broad average 
of all the surveyed companies’ expen- 
ditures was 2 per cent, the figure which 
Dr. Compton believes necessary for all 
of the nation’s industry. 

Manufacturers in the aviation cate- 
gory were found to be among the most 
research-minded, judging from the 
budgets reported. Among the top ten 
were two manufacturers of airplanes 
and airplane parts, two machinery 
manufacturers, a manufacturer of rail- 
way equipment, an electrical equipment 
company, a refiner of ores, a manufac- 
turer of glue, a combustion and chem- 
ical engineering company, and one 
manufacturing chemist. 


Bureau of Standards 
Reviews Synthetic Rubbers 


FACTS AND FIGURES on synthetic rub- 
bers, which have now been in commer- 
cial use for ten years, are published in 
a new Bureau of Standards Circular 
C427 entitled, “Synthetic Rubbers: A 
Review of Their Compositions, Prop- 
erties, and Uses,” by Lawrence A. 
Wood. 

According to Mr. Wood, the most ac- 
tive research has been carried on in 
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Flair for reflection. Taking place 
of flares to warn motorists of stalled 
vehicles, this new reflector is inclosed 
in metal covers which lock open to 
serve as base. Red Lucite disk, molded 
according to Stimson principle of retro- 
directive reflection, needs no mirror, is 
easily seen from head-on or angular 
approaches in either direction. 


Germany, Russia and the United States. 
In the first two countries the primary 
aim seems to have been to duplicate, 
or nearly duplicate the properties of 
natural rubber. In the United States, 
on the other hand, the apparent ob- 
jective has been to produce a superior 
product, so as to justify the higher cost 
which is about three or four times that 
of natural rubber. Recent internation- 
al events, however, are changing the 
American viewpoint. 

In Germany and Russia synthetic 
rubber is used to displace natural rub- 
ber in all its applications. In other 
countries, especially the United States, 
only those applications for which nat- 
ural rubber is deficient have, so far, 
been of importance. Synthetic rubbers 
can be made to show great superiority 
over natural rubber in resistance to 
liquids, particularly petroleum prod- 
ucts, and to deterioration by exposure 
to light, heat, ozone, and oxygen. 

The survey lists about 30 varieties 
of synthetic rubber, almost all of which 
are in present commercial production. 
The varieties are grouped in six gen- 
eral classes, according to chemical com- 
position, and the discussion follows this 
classification. Published values of the 
properties of the different varieties of 
synthetic rubber are summarized in 
comparative form. A bibliography of 
over 200 references is given, listing 
scientific literature on this subject dur- 
ing the past decade. 


Plans Foundry Research 
At Battelle Institute 


À PROGRAM of foundry research, to be 
conducted at Battelle Memorial Insti. 
tute, is now being planned by the 
recently organized Gray Iron Research 
Institute. Chartered with ten member 
companies as a non-profit corporation 
under Ohio law, the Gray Iron Re- 
search Institute will engage in scien- 
tific research and technical develop- 
ment work for the gray iron industry, 

As a first part of the program it is 
planned to conduct studies of the 
fundamental principles of the cupola 
melting of gray cast iron, using the 
combined laboratory facilities of the 
fuels and metallurgical laboratories as 
well as the experimental foundry at 
Battelle. It is expected that these in- 
vestigations will provide the ground- 
work for more accurate control of 
metal quality and composition and that 
the technical information obtained in 
the operation of the experimental cu- 
pola will indicate to the member foun- 
dries changes in practice and degree ol 
control necessary to obtain the highest 
quality metals at the lowest operating 
costs, 

Experimental program will be under 
the direction of Dr. C. H. Lorig, super- 
vising metallurgist, and Mr. R. A. 
Sherman, head of the fuels division of 
Battelle Memorial Institute. 


Do You Know That— 


CoLoRs of porcelain enamel coatings 
are being checked with electric gages 
which measure the thickness of coating; 
the color varies with thickness. (23) 


CEMENTED CARBIDES have dropped in 
price more than 60 per cent since 1930. 
Lower prices are expected to boost 
current armament program through 
greater use as cutting tools to increase 
production per machine. Also expected 
is greater use in wear- and erosion- 
resistant parts. (24) 


LEANING WHEEL TIRE has been devel 
oped to withstand wear and tear on 
road machinery where wheels lean over 
for operation in ditches and on sides of 
embankments. Circular grooved tread 
resists side-slip; sidewall tread has ra- 
dial cleats for easy rotation in mud 
while the wheel is leaning. (25) 


Fasrics can be rendered electrically 
conductive by a new impregnating com: 
pound containing colloidal graphite. 
Coating hardens on exposure to light 
after application. (26) 
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Aluminum takes the spotlight as air 
war and plane building grows. The De- 
fense Commission has examined the 
aluminum situation. Executives of fed- 
eral agencies did not admit any concern 
over what they found. Nevertheless, on 
the heels of a $25,000,000 appropria- 
tion, requested by the Administration, 
for expansion of TVA power facilities, 
came an RFC loan to the Reynolds 
Metal Company for construction of an 
$18,000,000 virgin aluminum plant to be 
in TVA territory. This will be the only 
domestic competitor of the Aluminum 
Company of America in production 
from bauxite. It should be noted that 
the government is supplying about 5/6 
of the risk capital for the Reynolds 
plant. Watch for politics. 


Garand rifle rumpus was only 
asleep, not dead. Many outspoken ob- 
servers of Army’s selection of the Gar- 
and, and refusal to go into experimental 
production with the lately-submitted 
Johnson, say “it stinks.” Army sticks 
to its answer that, though improvements 
are constantly coming out, you can’t 
get into mass production and equip an 
army by quibbling and changing from 
one thing to another. Meanwhile, the 
Marines say they’d rather have the 1903 
Springfield than the Garand. The 
leathernecks have been testing a new 
design by Winchester. 


Te keep seerets of defense inven- 
tions and to prevent foreign govern- 
ments from reading patent details to 
their hearts’ content, a bill has been 
passed by the House, and sent to the 
Senate, which would authorize the pat- 
ent commissioner to keep matters of de- 
fense importance under lock and key. 


Talk about tanks will be heard from 
now on. Some engineers think a tank is 
just a caterpillar with a turtleback and 
guns inside. But the Ordnance boys tell 
us different. A track-laying tractor is 
low and it’s designed to pull. A tank 
is fast and it’s not a draft vehicle. The 
track is different and the power trans- 
mission is different. The tank must be 
designed to protect men inside from 
injury by jolting. The guns in a tank 
are not radically different from other 
guns, but the mounting is different, and 
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dificult. To sum up, our officers said 
that tanks are complicated to build. 
But they added that they were pleased 
when American Car and Foundry 
started turning out tanks in one year 
after they started. 


A 45-ft. propeller is reported in the 
works for the War and Navy air serv- 
ices. Best information says it will 
absorb 8,000 hp. at 800 r.p.m. Airplane 
men lifted their eyebrows when they 
first heard of this, “What for?” they 
said. But such a prop would have its 
axis only some 25 ft. from the ground, 
which is not fantastic at all when you 
consider the monstrous planes now 
being designed for Army and Navy. 


Design by using models has its 
dangers as well as its advantages, the 
Navy’s Bureau of Aeronautics has dis- 
covered. Back in 1938 when Martin was 
working up plans for 63 two-engine 


patrol bombers (XPBM-1), it looked 


Inventors’ clearing house. Na- 
tional Inventors’ Council of the Depart- 
ment of Commerce, pictured here at its 
first meeting, has job of examining all 
ideas submitted on national defense, so 
as not to miss anything. The committee 
expects 99.9 per cent of intake to be 
“wacky,” but doesn’t forget that Morse, 
Goodyear, Ford and Fulton were once 
considered “screw-box” inventors. Left 
to right: Fred M. Zeder, Chrysler vice 
president; Dr. Fin Sparre, Du-Pont re- 


like a pretty smart idea to have the 
company build a one-third size model 
capable of carrying a pilot aloft. Idea 
was that this would eliminate a lot of 
the changes that are always made in 
the design after the first full size ship 
is built. Unfortunately, the full-size 
plane behaved quite differently from 
the model. Extensive and expensive 
changes had to be made in the shape 
of the hull, and the Navy hasn’t got de- 
livery on its flying boats yet. 


Turtlebacks for battleships, to rico- 
chet shells from the air, seems to have 
been relegated to the popular mechan- 
ics library. Nobody will express an 
opinion as to whether it was a good 
idea, rejected by moss-back admirals, 
or whether it just won’t work. Anyway, 
the program now apparently adopted is 
substitution of guns capable of both 
surface and anti-aircraft fire, instead of 
surface fire only. This change is going 
ahead rapidly on all ships. 


search director; Conway P. Coe, U.S. 
Patent Commissioner; Dr. Webster N. 
Jones, Carnegie Institute dean of engi- 
neering; Frederick M. Feiker, dean of 
George Washington School of Engineer- 
ing; Dr. Charles F. Kettering, chairman 
of the Council; Lawrence Langner, pat- 
ent lawyer; Dr. Thomas Midgley, Ethyl 
Gasoline vice president; Watson Davis, 
director of Science Service; Dr. Wil- 
liam D. Coolidge, General Electric re- 
search director. 
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Direction-Indicator 
Rheostat 


A compact, convenient device can be 
connected to the moving part of radio 
antennas, wind-vanes, valves, water 
gates, dampers and other apparatus in 
order to indicate the position of such 
equipment at a remote point. The 
rheostat unit has a 360 deg. continuous 
winding which is tapped at three points, 
120 deg. apart. There are two moving 
contacts located 180 deg. apart, which 
are connected to a voltage source, 
maximum 24 volts. On installation, the 
rheostat shaft is coupled to the moving 
part by any convenient means which 
should be free from lost motion, and 
the three taps are wired to the delta- 
connected coils of a special 360 deg. 


To indicator 
(Selsyn type) 


360°direction__J 
indicator 
rheostat 


indicating meter of the direct current 
Selsyn type, or similar instrument. The 
unit consists of a glazed ceramic hous- 
ing which is 1% in. in diameter and 
13/16 in. deep behind the panel. Shaft 
is 14 in. in diameter. Ohmite Mfg. Co., 
4835 Flournoy St., Chicago, Ill. 


Centralized Lubrication 


Dualine Jr. centralized lubrication 
unit operates on the same piston dis- 
placement principle of measurement 
employed in the large Dualine systems 
on heavy machines, but size has been 
greatly reduced to provide correct 
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lubrication to small machine tools and 
other equipment. The new valve has 
but two moving parts. It contains no 
springs and no check valves and is 
fully adjustable. Positive delivery of 
the lubricant to each bearing is made 


independently of the judgment of the 
oiler or his ability to reach all bearings 
regularly. Will deliver either oil or 
grease. Farval Corp., 3255 E. 80th St., 
Cleveland, Ohio. 


Geared-Type Limit Switch 


For applications on motor-driven de- 
vices where it is necessary to limit the 
rotation of the motor shaft or any 
rotating shaft or gear on the driven 
machine, new small-size geared-type 
limit switch is only 444 x 34% x 143 in. 
in size. In operation, the shaft of the 
switch drives a pinion shaft. The pin- 
ion shaft engages driving gears which 
move along the drive screw toward one 
of the operating gears. At end of 
travel in either direction, a pin on the 
traveling gear engages a pin on the 
operating gear. This causes the oper- 
ating gear, cam, and safety pin, to 
rotate in a unit and move the switch 
contact arm to a high part of the cam, 
operating the contacts. Double-break, 
fine-silver contacts are designed for 125 


aterials and Par 


volts. 4 amp., a.c. operation, and 125 
volts, 1 amp., d.c. operation. Mech- 
anism can be adjusted to operate con- 
tacts between a minimum of 1⁄% turn of 
the driving shaft to a maximum of 120 
turns. General Electric Co., Schenec- 


tady, N. Y. 


Protective Coating 


New coating material, known as 
“Miccrolac” protects and beautifies 
metal surfaces of either natural or 
plated finishes. The material has a 
color approximating that of distilled 
water. It dries to a high lustre and is 
claimed to have excellent qualities of 
adhesion, flexibility and abrasion 
resistance. It dries exceptionally fast, 
the type of coat applied for ordinary 
decorative work drying in only a few 
seconds’ time. It is resistant to sul- 
phur dioxide, sunlight, moisture, oil, 
grease, gasoline, and all commonly 
known chemical fumes. It does not 
blush even in the most humid weather. 
It can be applied by spraying or dip- 
ping. If desired, it can be brushed on 
small parts. Available in 1-gal., 5-gal. 
cans and 50-gal. drums. Michigan 
Chrome Co., 6340 E. Jefferson Ave. 
Detroit, Mich. 


Control Switch 


This control switch, in which the cir- 
cuit is made and broken inside ferro 
tube mercury contacts, can be oper: 
ated by hand, by foot treadle, float 
or pressure in connection with signals, 
relays and similar devices. Design is 
simple, and the device is easy to install. 
It can be furnished with one mercury 
contact for single pole or a pair of con 
tacts for double pole make and break, 
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or for controlling two separate circuits. 
Capacity up to 1,875 watts per mer- 
cury contact on circuits up to 440 volts 
a.c. and 250 volts for 14 hp. a.c. split- 
phase motors, % hp. a.c. capacitor 
motors, and 34 hp. a.c. repulsion motors. 
Jefferson Electric Co., Bellwood. Ill. 


Photoelectric Relay Units 


Photo-amplifier relay unit for use 
where relatively large amounts of light 
are available, and small independent 
light source which will throw a con- 
centrated beam up to 50 ft., are com- 
pact, rugged, sensitive, and low priced 
new photo-relay units. A screwdriver 
adjustment is provided at the back of 
box of all photo-relay units to regulate 
the quantity of light necessary to oper- 
ate the relay. Units are housed in sheet 
metal boxes with gray wrinkle finish, 
easily mounted. All units have double 





output sockets, the bottom socket sup- 
plying power to operate any 110 volt 
device when the light is shown on the 
photo tube, the top socket supplying 
power when the beam is interrupted. 
Maximum rating of standard models is 
300 watts controlled power for a.c. and 
100 watts for d.c. Allied Control Co., 
Inc.. 227 Fulton St., New York, N. Y. 
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W hiteprint Machines 

Featuring a new high pressure mer- 
cury vapor tube which uses 40 watts 
per in. and provides uniform distribu- 
tion of light over the entire printing 
area, this machine will print up to 56 
in. per min. This gives greater speeds 
at lower cost than have previously 
been available. The mercury vapor 
tube cuts electrical consumption as 
much as 50 per cent of that required 
by machines of equal capacity using 
arc lamps. The original and sensitized 
materials are brought into exposure 
by carrier belts which hold them against 
a 414 in. diameter pyrex glass cylinder. 
The cylinder is suspended at each end 
on three ball bearing rollers and 
revolves around the stationary high 
pressure mercury vapor tube by con- 
tact with the carrier belts. Hand con- 





trol knobs convenientally located on the 
front of the machine permit adjustment 
of the printing speed. -An adjustable 
light shade allows the operator to vary 
exposure within certain limits without 
changing the printing speed. Mechani- 
cally controlled ammonia vapors de- 
velop the exposed prints in the developer 
section of the machine. Ozalid Corp., 


Johnson City, N. Y. 


Tapered Roller Bearing 


Especially adapted to serve as a 
sheave bearing, this new design of the 
standard NA type, or non-adjustable, 
Timken roller bearing is made up of a 
double row outer race or cup and two 
single row inner races or cones. Races 
and rolls are ground to established pre- 
cision limits so that when the cones 
are assembled into the cup the front 
faces of the cones contact and the 
proper running clearance is provided. 
Front cone faces are slotted and cham- 


fered to provide entrance for lubri- 
cant. This feature is particularly ad- 


vantageous in multiple sheave blocks 
where bearings must be lubricated 
through the pin. Chamfered front 
faces eliminate deep annular groove 
around shaft to carry the lubricant into 
the bearing. Bearings are designed to 





a minimum width, with an I.D. large in 
relation to its O.D., and with maxi- 
mum radial and thrust capacity for 
space occupied. Timken Roller Bear- 
ing Co., Canton, Ohio. 


Bearing Metal 


Bermax alloy, an improved lead-base 
babbitt for efficient, economical gaso- 
line and diesel engine bearings and as a 
general purpose bearing metal is 
claimed to be used for a wide range of 
applications and offers substantial sav- 
ings. It is so positioned in the lead- 
tin-antimony ternary system that the 
best compromise of desirable proper- 
ties is effected. Its melting point is 
slightly higher than that of the tin- 
base metals and it can be cast by any 
method without fear of segregation. It 
is not brittle, and is not subject to oil 
corrosion. Bulletin available gives 
complete engineering description of 
Bermax, particularly with reference to 
its use in the automative field. Federal- 
Mogul Corp., Shoemaker & Lillibridge 
Sts., Detroit, Mich. 


Safety Valve 


Safety valve for hot water boilers, has 
a relief point of 29 lb. per sq. in. Its 
design departs sharply from usual con- 
struction in that the valve is designed 
to snap open to its full orifice capacity 
at the precise moment the relief point 
of 29 lb. is reached. It then stays open, 
discharging at full rate until the boiler 
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pressure is reduced to 22 lb., at which 
time it snaps to an instantaneous close. 
This snap action avoids the condition 
where a valve merely cracks at the relief 
point, permitting boiler pressure to 


build up to a dangerous level before 
discharge capacity becomes sufficient to 
reduce the pressure. 


From the illus- 






tration, when the pressure acting on 
the bellows reaches 29 lb., per sq. in., 
the tip of the cam slides past the roller, 
permitting a lever to trip the valve wide 
open. The valve is of hardened stain- 
less steel. Metal-to-metal seal above 
the cone protects working parts when 
valve is discharging. McDonnell & 
Miller, Wrigley Bldg., Chicago, Ill. 


Timer 


Adaptable for all-electric, all pneu- 
matic operations, or combinations of 
both, the new Flex-O-Timer, permits 
maximum precision of timing with mini- 
mum labor and expense. Actuating pins 
on a revolving drum are easily and pre- 
cisely adjusted in circumferential under- 
cut grooves and locked in place with 
a screw. Cam cutting is eliminated. 
Pins actuate air valves or switches 
within 4% of l per cent of total cycle 
time. Timer motor is of the high tor- 
que, fan-cooled synchronous type. Drum 
is run directly by spur gear train, but 
a unique dog-and-latch mechanism 
provides 78 different drum speeds with 
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each gear train ratio. Drum speed is 
fixed and positive for any given setting 
and can vary only as the frequency of 
the electrical supply changes. For 
pneumatic operation, new type of air 
valve utilizes 991% per cent of air passed 
through it. Air valve plunger is so 
designed that the air supply port can- 
not at any time communicate with the 
exhaust port, assuring rapid and full 
air pressure application and release. 
Dirt particles are sheared off by close 
fit of the piston, making the valves prac- 
tically self-cleaning. Taylor Instrument 


Co., Rochester, N. Y. 


Non-Magnetic Steel 


A non-magnetic, free machining alloy 
steel possessing low magnetic perme- 
ability with superior mechanical prop- 
erties has been developed especially 
for the electrical industry. It has a 
magnetic permeability of 1.003 to 1.006 
at 1,000 Oersteds at temperatures from 
sub-zero to boiling. Illustration shows 
a piece of electrically magnetized iron 





















at the right and a piece of non-magnetic 
steel at the left. Another property of 
this steel is its high electrical resist- 
ance, 69 to 71 microhms per cm., which 
considerably reduces current eddy loss. 
In the annealed condition, the steel has 
a tensile strength of 80,000 to 110,000 
lb. per sq. in.; yield point, 35,000 to 
60,000 lb.; elongation in 2 in., 25 to 
50 per cent; reduction of area 30 to 60 
per cent; Izod impact value at room 
temperature, 80 ft. lb. The non-mag- 
netic steel can be formed, welded, ma- 
chined or blanked. Jessop Steel Co., 
573 Green St., Washington, Pa. 


Explosion Proof 
Micro Switch 


Exposion proof housing of unusually 
compact dimensions, recently listed by 
the Underwriters’ Laboratories, is de- 
signed to make use of the Micro Switch 
as the switching element. Listings are 








for atmospheres containing vapors of 
ethyl ether, gasoline, alcohol, acetone, 
lacquer solvents, and for grain dusts. 
Mounting space is kept to a minimum 
by omitting feet or lugs and providing 
a pair of holes on each of four sides. 
The switching unit inclosed within the 
cast iron housing is the standard pre- 
cision Micro Switch with a separate 
Underwriters’ listing of 1,200 watts up 





















to 600 volts a.c. The switch can be 
easily removed for inspection or change. 
Types of actuation now available are 
the roller arm with the axis of the roller 
either parallel to or at right angles to 
the arm, and a bullet nose push rod 
type. Micro Switch Corp., Freeport, 


Il. 






Clear Lacquer 


Clear lacquer that is especially suit- 
able for finishing articles frequently 
handled, such as flashlights, pencils, 
compacts, and lipsticks, has been speci- 
ally developed to resist corrosive action 
of perspiration. It is claimed to 
furnish excellent protection for both 
finished metal surfaces and undercoats 
of lacquer enamel. It is light in color 
and has good outside weather resist- 
ance, adhesion, and color retention. It 
is furnished in either high gloss or 
flat finish. Mass & Waldstein Co., 438 
Riverside Ave., Newark, N. J. 


Belting Material 


Multiple, thin-ply construction of this 
new belt gives an extremely high flex- 
ing-ability, giving longer service with- 
out pulley or belt take-up. Fabco belt 
is made of a specially woven duck, 
weighing approximately 14 oz. to the 
square yard, which is thoroughly im- 
pregnated with a special rubber com- 
pound. The finished belt is of square 
edged construction. Belts are made in 
four weights and the minimum pulley 
diameters for these weights are: 5 ply, 4 
in.; 6 ply, 5 in.; 8 ply, 7 in.; and 10 
ply, 10 in. Belt is guaranteed against 
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ply separation on normal types of drives 
and up to speeds of 6,000 ft. per min. 
Available in any width up to 40 in. and 
in any length up to 275 ft.; endless belts 
as well as open length. Fabreeka 
Products Co., Inc., 222 Summer St., 
Boston, Mass. 


Manual Reset 
On Millibreak Switch 


Manual reset device, now available 
with the normally closed, single pole. 
precision switch, comprises an insu- 
lated pin projecting from the Mu- 
Switch cover at the end opposite the 
actuating button. A momentary pres- 
sure of 4 oz. on the actuating button 
opens a contact circuit which remains 
open after the pressure is removed; a 
touch of the manual reset button re- 





establishes the normally closed circuit. 
Besides its use as a safety device, the 
manually reset Mu-Switch is widely 
applicable as a simple, push type, on 
and off switch. Mu-Switch Corp., Can- 
ton, Mass. 


Small Air Compressors 


Known as the Type Q, these new 
small air compressor units are appli- 
cable for diesel starting, industrial and 
garage service. The units are air-cooled, 
single and two-stage, and range in 
capacities from 2.8 to 45.7 cu.ft. per 
min. Rated at 1⁄2 to 10 hp., for continu- 
ous operating pressures of 100 to 200 1b. 
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per sq.in. and intermittent pressures of 
150 to 500 lb. per sq.in. The compres- 
sors have cushioned air valves, balancęd 
crankshaft, taper roller main bearings, 
Lynite connecting rods, semi-steel pis- 
tons, positive lubrication, copper inter- 





cooler, chrome nickel cylinders and 
dust-proof crankcase. Automatic start- 
ing can be furnished. Available bare, 
base mounted or tank mounted, for 
V-belt drive from motor or air cooled 
gasoline engines. Sullivan Machinery 
Co., Michigan City, Ind. 


Friction Material 


Asbestos friction material for brake 
lining and clutch facings, made with a 
unique combination of molded and 





woven structures in proper balance to 
retain the best qualities of both, is 
claimed to give entirely new perform- 
ance characteristics. Severe labora- 
tory tests and hard service on a wide 
range of tough applications show that 
this material maintains a high frictional 


coefficient with good uniformity under 
widely varying conditions of load and 
temperature. On a number of particu- 
larly severe applications where service 
life of ordinary materials is but a few 
days, this new friction material is giv- 
ing many months of trouble-free serv- 
ice. Available to accurate dimensions 
in all shapes and sizes for brake and 
clutch requirements. Gatke Corp., 228 


N. La Lalle St., Chicago, Ill. 


High-Pressure Needle Valve 


Designed to withstand oil pressures 
up to 10,000 lb. per sq. in. the Black- 
hawk V-8 valve can be used with any 
fluid not injurious to leather, bronze or 
stainless steel. Valve spindle is of 
stainless steel. Valve body is of high 


strength bronze. Packings are special 





“chevron” type, with special spreader 
and oil channels. Pipe taps are *g in. 
standard. Blackhawk Mfg. Co., Mil- 
waukee, Wis. 


Drafting Machine 


Completely adjustable ball bearing 
drafting machine is a precision instru- 
ment which can be clamped to any 
drawing board up to 2 in. thick and 36 
in. wide. It has a hinged mounting, 
permitting it to be raised clear of the 
board. A leveling screw is provided to 
adjust the machine to the plane of the 
drawing board. Arms of Wrigraph 
Industro drafters are of specially rolled 
channel steel, giving great rigidity. All 
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steel parts are finished in black baked 
wrinkle enamel. Eight hardened ball- 
bearing assemblies are adjustable. A 
one-half deg. vernier equipped with a 
magnifier provides for a quick and 
accurate setting of all angles. The 
instrument was designed as a low-cost 
precision drafter. L. G. Wright, Inc., 
5209-78 Euclid Ave., Cleveland, Ohio. 


Electrical Connector 


Type QPX connector can be used as 
a parallel tap, a T-connector, a cross 
connector or as an end-to-end connec- 
tor and will clamp a large range and 
combination of cable sizes in either main 
or branch connection grooves. Com- 
pact, the Versitap can be readily taped 
and installed with an ordinary wrench. 
It is formed of high strength materials 





on parts which carry the mechanical 
stress and high electrical conductivity 
material on parts which transmit elec- 
trical current. Ten sizes accommodate 
cables from No. 8 to 1,000,000 circ. mil. 
Burndy Engineering Co., Inc., 459 E. 


133rd St.. New York, N. Y. 


Steel Black Finish 


Jetal process, whereby all steels 
except those of high nickel or chromium 
can be colored black with a corrosion 
and rust-resistant finish, has been 
improved to a two-bath system which 
yields a deeper black coating. Two 
tanks of ordinary iron or steel are 
required for Jetalizing. The first or 
“A” tank, should be kept at 280-290 
deg. F., the second at 305-315 deg. F. 
After cleaning and the drag-out rinse, 
the wet work is placed immediately in 
the “A” tank and kept there until some 
The work is then 
cold water and 
” solution 


coloration is noted. 
removed, rinsed in 
immediately placed in the “B 
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where it remains until the desired depth 
of black is obtained. The time required 
for the Jetal dips varies with the class 
of work, but in general, ranges from 
about 2 min. to 5 min. in each tank. 
Hanson-Van Winkle-Munning Co., 


Matawan, N. J. 


Sensitive Relays 


Claimed to be 50 per cent more efh- 
cient than any known sensitive relay, 
the new Circle relays are exceedingly 



















rugged and develop unusually high con- 
tact pressure and wipe. Relays are 
precision made and are assembled on 
a molded Bakelite base. Magnetic 
structure is of a special heat-treated 
alloy, and the hinge arrangement using 
a stainless steel pin with brass bear- 
long life under severe 
operating conditions. Coin silver con- 
tacts are rated for 1 amp. at 48 volts 
d.c. and 5 amp. at 110 volts, a.c. Avail- 
able in both single and double pole, 
double throw. Relays are adjustable 
throughout. Allied Control Co., Inc., 
227 Fulton St., New York, N. Y. 


ings assures 


Speed Control 


Any standard constant speed motor 
from fractional to 14 hp. is easily and 
inexpensively converted into a variable 
speed unit by means of the new Reeves 
Vari-Speed Jr. The unit comprises a 
disk assembly and an adjustable motor 
base. The disk assembly consists of two 
cone-shaped disks (one statiorfary and 
one laterally adjustable), a self-adjust- 
ing tension spring, a spring adjusting 
nut and cover. The disk assembly is con- 
nected on the standard shaft extension 
of the motor and the motor is mounted 
on an adjustable base. An adjusting 
handwheel moves the motor forward 
and back, changing the pitch diameter 
of the adjustable pulley on which the 
V-belt drive runs. Speed can be ad- 
justed while the machine is running. 
The unit is built in six different sizes 

















of disk assembly, and in two sizes of 
motor bases. It is also available in a 
countershaft type for requirements of 
either unusual speed reduction or speed 
increase. Reeves Pulley Co., Colum- 
bus, Ind. 


Single-Phase Motors 


A new line of single-phase vertical 
hollow and solid shaft motors, unusually 
adaptable for small pumping units. 
The frame, bearing brackets and inclos- 
ing covers give maximum protection 
against splashing water consistent with 
adequate ventilation. Even at speeds 
of 3,600 r.p.m. the motors are excep- 
tionally quiet and free from vibration. 
Solid shaft units are available for 
direct-connection to a pump or machine 
through a flexible coupling. In the 





installation of the hollow shaft unit, the 
pump shaft extends up through the 
motor shaft and is held in place by ad- 
justable lock nuts above the upper mo- 
tor bearing which is designed to support 
the entire thrust load. Fairbanks- 
Morse & Co., 600 S. Michigan Ave., 
Chicago, Ill. 
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Manufacturers’ Publications. 





Materials 


BronzE—Koppers Co., Bartlett Hayward 
Div., Baltimore, Md. Leaflet BB-1, 2 pages, 
83x11 in. Engineering applications, rec- 
ommended uses, and tables giving mini- 
mum physical properties of Koppers D-H-S 
bronze. 


CoLp-FInIsHED Bar—Joseph T. Ryerson 
& Son, Inc., 16th & Rockwell Sts., Chicago, 
Ill. Bulletin, 8 pages, 83x11 in. Gives 
complete description, chemical analysis, 
working properties, suggested applications 
and other interesting data on wide range 
of cold finished steel bars. 


Co.ip-ROLLED SteEL—Crucible Steel Co. 
of America, 405 Le*ington Ave., New York, 
N. Y. Folder CR100, 12 pages, 4x8 in. 
Gives data on cold rolled and cold drawn 
Weight of cold rolled 
spring steel, hardness conversion numbers 
and decimal equivalents are included. 


specialty steels. 


ILLıuM—Burgess-Parr Co., Freeport, Ill. 
Bulletin 104, 8 pages, 84x11 in. Giving 
complete information on Ilium alloys, this 
bulletin has been brought up to date by 
the inclusion of corrosion test results. 


PromaL—Link-Belt Co., 307 N. Michi- 
gan Ave., Chicago, Ill. Book 1750, 24 
pages, 9x11 in. Describes and gives com- 
plete engineering data on Promal for 
greater strength and longer wearing prop- 
erties. Examples of applications are illus- 
trated and described. 


STAINLESS STEEL—Republic Steel Corp., 
Cleveland, Ohio. 4 pages, 9x11 in. Con- 
tains a table listing the analyses and prop- 
erties of thirteen types of Enduro stainless 
steel, including approximate chemical com- 
positions, physical properties, electrical 
properties and mechanical properties. 


Tusinc—Carpenter Steel Co., Welded 
Alloys Div., Kenilworth, N. J. Data book, 
20 pages, 9x11 in. Setting forth the prop- 
erties and methods of welded stainless tub- 
ing, this well illustrated booklet includes 
specifications of available forms presented 
in ready reference style. 


Mechanical Parts 


Bronze Beartncs—Bound Brook Oil-Less 
Bearing Co., Bound Brook, N. J. Stock 
List No. 1, 8 pages, 84x11 in. Sets forth 
and lists complete stock of Compo oil- 
porous bronze bearings. Engineering data 
on permissible loads, shaft clearances and 
installations are included. 


_ Lusricatton—Farval Corp., 3255 E. 80th 
St, Cleveland, Ohio. Bulletin 10-A, 4 
pages, 84x11 in. Farval Dualine Jr. cen- 
iralized system of lubrication is described 
in this bulletin, which includes engineering 
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dimensions and diagrams and specifica- 
tions. Tube fittings are also described. 


Oi Pumps—DeLaval Steam Turbine Co., 
Trenton, N. J. Catalog L-32-A, 12 pages, 
84x11 in. Illustrates and describes the 
DeLaval-IMO Oil Pumps, designed par- 
ticularly for handling fuel oils, heavy crude 
oils, lubricating oils and hydraulic oils 
in capacities above 30 gal. per min. 


SPEED ĪNCREASERS — Westinghouse Elec- 
tric & Mfg. Co., East Pittsburgh, Pa. 
Booklet 3650, 24 pages, 84x11 in. De- 
scribes complete line of Type SU speed 
increasers. Application data, specifications, 
complete dimension information and illus- 
trated applications are presented. 


SpeeD Repucers—D. O. James Mfg. Co., 
1120 W. Monroe St., Chicago, Ill. Catalog 
17-A, 16 pages, 84x11 in. Covering helical 
motorized reducers, this new catalog gives 
sectional views, dimension diagrams and 
selection tables which facilitate the selec- 
tion of the proper motorized speed reducer. 


Tuse Couptincs—Parker Appliance Co., 
17325 Euclid Ave., Cleveland, Ohio. Wall 
chart lists, illustrates and gives specifica- 
tions for combination and reducing tube 
fittings. 


VARIABLE SpEED PuLLEY—Speedmaster 
Co., 1301-7 Washington Ave., S., Minne- 
apolis, Minn. A.S.T.E. Data Sheet, 4 pages, 
83x11 in. Describes technically the Speed- 
master variable speed pulley and gives 
dimensional information. 


Electrical Parts 


Capacitors—General Electric Co., Sche- 
nectady, N. Y. Bulletin GEL-619, 8x104 
in. Folder illustrates and describes many 
applications of Pyranol capacitors. 


ELECTRICAL CONNECTORS—Burndy Engi- 
neering Co., Inc., 459 E. 133rd St., New 
York, N. Y. Catalog No. 41, 64 pages, 
3xll in. This well illustrated catalog 
contains engineering data on complete line 
of Burndy electrical connectors. The cata- 
log is indexed and illustrated. 


ELEcTRICAL Propucts—Colt’s Patent Fire 
Arms Mfg. Co., Electrical Division, Hart- 
ford, Conn. Coltalog No. 3, 84 pages, 
84x10 in. Illustrates and describes safety 
switches, Multi-Breakers, service equip- 
ment, fuses and a complete listing of sizes 
“0” and “1” new motor control units. 


INSULATED Wire—General Electric Co., 
Schenectady, N. Y. Bulletin GEA-2733D, 
4 pages, 8x10% in. Contains complete in- 
formation on the many types of Flamenol 
wire now available. Its various applica- 
tions are listed. 


Motors—Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa. Descriptive data 
3150, 4 pages, 84x11 in. Describes Type 
CS totally-inclosed fan-cooled squirrel cage 
motors from 1 to 200 hp. Photographs and 
cut-away sectional sketches explain new 
heat exchanger principle. 


Motor Srarters—Colt’s Patent Fire 
Arms Mfg. Co., Electrical Division, Hart- 
ford, Conn. Bulletin 504, 12 pages, 83x10 
in. Complete descriptions ‘with illustra- 
tions and engineering data of the new 
across-the-line type Colt magnetic motor 
starters, Colt overload relays and Colt 
push button stations. 


Precision Propucts—P. R. Mallory & 
Co., Indianapolis, Ind. Form M-770-A, 40 
pages, 84xll in. Describes line of pre- 
cision products, including switches, resist- 
ors, condensers, volume controls, and sim- 
ilar items. 


Fabrication Methods 


Speep Nuts—Tinnerman Products, Inc., 
2036-2046 Fulton Road, Cleveland, Ohio. 
Engineering Standards, 24 pages, 9x114 
in. Gives complete specifications for Tin- 
nerman speed nuts, flat type, double flat 
type, W type, round type, U type, and J 
type. Sketches illustrate typical applica- 
tions of these speed nuts. 


Miscellaneous 


FLUORESCENT LicHtinc — Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa. 
Booklet A-3618, 23 pages, 84x11. This 
practical guide to application of Mazda 
F lamps and equipment includes illustra- 
tions of installations, wiring diagrams, and 
a table of essential technical data. 


POTENTIOMETER-PYROMETER — J-B-T  In- 
struments, Inc., 441 Chapel St., New 
Haven, Conn. Bulletin 540-70-PO, 6 pages, 
84x11. General description of the new 
Model 70-PO potentiometer-pyrometer is 
given in this booklet which lists typical 
applications. 


TEMPERATURE REGULATORS — Sarco Co., 
Inc., 183 Madison Ave., New York, N. Y. 
Catalog 52, 16 pages, 83x11 in. Covering 
self-operating temperature regulators for 
controlling flow of steam, gas, water, or 
brine, this well illustrated catalog includes 
capacity tables for several different valve 
styles. 


THERMOMETERS—Brown Instrument Co., 
Wayne & Roberts Ave., Philadelphia, Pa. 
Catalog 6705, 6 pages, 8x104 in. Sets forth 
features of complete line of circular case 
thermometers and pressure gages, indica- 
tors, recorders, and controllers, as well as 
self-contained and portable models. 


Wuiteprint Macuine — Ozalid Corp., 
Johnson City, N. Y. Bulletin 187, 4 pages, 
84x11 in. Illustrates and describes main 
features of the new Ozalid Model F fast- 
printing whiteprint machine. Technical 
details are illustrated, and overall specifica- 
tions are included. 
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Books and Bulletins 


Practical Mechanics and 
Strength of Materials 


CHARLES W. LeicH anp Jonn F. 
MancoLD—Third Edition. 498 pages, 
47x73% in. Blue clothbound covers. 
Published by McGraw-Hill Book Com- 
pany, 330 West 42nd St., New York, 
N. Y. Price $3. 


In order to enlarge the scope and 
effectiveness of the book, a large amount 
of new material has been added in this 
third edition. Many illustrative exam- 
ples have been included. All the lists 
of problems are new. 

The volume is written to fill the 
needs of the practical man rather than 
for design engineers. A knowledge 
only of algebra, geometry and trigonom- 
etry is required to understand the 
theories developed, and to solve the 
problems presented. Graphic and alge- 
braic solutions of the problems are pre- 
sented together. 

Chapters covering strengths of mate- 
rial are introduced with explanations 
of the principles of mechanics that are 
the basis of the development for each 
topic. Throughout the book mechanics 
and strength of materials are treated as 
one subject. 


Metals 


Sır HAROLD CARPENTER AND J. M. 
RoBeRTSON—I/n two volumes. 1,485 
pages, 6xl0 in. Blue clothboard covers. 
Published by Oxford University Press, 
114 Fijth Avenue, New York. Price $35. 


These volumes cover in much detail 
metals and alloys that have industrial 
uses and applications, in an orderly 
and methodical presentation which cor- 
relates the factors having to do with 
properties, characteristics and techno- 
logical treatment. 

The treatise classifies the subject 
matter in six parts. Part one deals 
with the pure metals groups, in which 
their inherent characteristics, micro- 
structure and crystal structure are de- 
scribed, including a discussion of how 
pure metals act in the presence of ap- 
plied forces. Part two covers the 
metallurgical relations arising from the 
theory of alloys. Part three is con- 
cerned with the mechanical properties 
of metals and the degree of their re- 
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sistance to oxidation and corrosion. 
Part four describes how the properties 
and characteristics of metals are affect- 
ed by methods of heat and mechanical 
treatment. Part five deals with the in- 
dustrial alloys based on iron, such as 
steel, alloy steels, cast irons and alloy 
cast irons. Part six is devoted to cop- 
per, aluminum, nickel, lead, zinc, tin, 
magnesium and their alloys. 
Engineers who are interested in the 
industrial uses of metals, and also stu- 
dents of the subject, will find the data 
in this readable treatise to be a useful 
source of information for further study 
and a basis for development work. 


Die Castings 


ARTHUR STREET—47 illustrations, 
160 pages, 5x7% in. Brown cloth- 
board covers. Distributed by Chemi- 
cal Publishing Co., 148 Lafayette St., 
New York, N. Y. Price $1.75. 


Published in England and therefore 
dealing largely with English practice, 
this book is a complete treatise of die 
casting. Presenting first the general 
considerations, Mr. Street devotes 
several chapters to a discussion on the 
choice of alloy wherein the various 
available types are described. 

Of particular importance to design 
engineers, many chapters deal with the 
design of die cast products and dies, 
including considerations for cored 
holes, undercuts, inserts, threads, let- 
tering and decorations, and assembly 
methods. Up-to-date plating and fin- 
ishing techniques in England are also 
covered by Mr. Street. 


Applied Mechanics 


ALFRED P. Poorman—4th Edition. 
354 pages, 6x9 in. Blue clothboard 
covers. Published by McGraw-Hill 
Book Company, 330 West 42nd St., 
New York, N. Y. Price $2.75. 


To obtain simplicity and better con- 
tinuity several changes have been made 
in the arrangement of the material as 
presented in earlier editions. New 
material has been added in the chap- 
ter on moment of inertia of mass. Data 
in problems have been revised, and new 
problems have been added. 

This text book defines the theories 


and laws of fundamental mechanics anq 
shows their applications to the field of 
engineering. Part I deals with Statics. 
Part II deals with Dynamics. Major 
topics covered include forces, friction, 
centroids and centers of gravity, mo- 
ment of inertia of areas and masses, 
kinematics, motion, work, energy, pow- 
er, impulse, momentum and impact. 


Distribution of Load 
On the Threads of Screws 


J. N. Goopter—Reprint No. 8, 7 pages, 
83x11 in. Published by Cornell Univer- 
sity, Engineering Experiment Station, Itha- 


ca, N.Y. 


Reprinted from the Journal of Applied 
Mechanics for March, 1940, this bulletin 
reports the results of Mr. Goodier’s re- 
search on load distribution on screw 
threads. By means of extensometer meas- 
urements on bolts and nuts, it is shown 
that the distribution is governed by (a) 
stretch and compression in bolt and nut, 
respectively; and (b) by bending of the 
thread, circumferential stretch, and con- 
traction near the free end of the nut wall 
which have comparable effects in reducing 
the concentration. 

It is evident, says Mr. Goodier, that any 
modification which increases any of the 
types of flexibility except simple axial 
strain, will have a favorable effect. 


Food Mixer Motor Performance 


C. S. Siskinp—Engineering Bulletin 72, 
41 pages, 6x9 in. Published by Purdue 
University, Lafayette, Ind. Price 25 cents, 


The purpose of this rescarch project was 
to compare performance of motors used in 
food mixers. Most food mixers, which are 
coming to occupy a prominent place in the 
modern kitchen, use universal motors with 
armature speeds of 15,000-18,000  r.p.m. 
Nine such motors taken from mixers in 
all price classifications were chosen for 
testing, with rated input ranging from 75 
to 150 watts. Tests were made to deter- 
mine speed-torque characteristics, maxi- 
mum speed, maximum torque, speed ad- 
justability, a.c. and d.c. operation, and ra- 
dio interference. 

Results of the tests were quite astonish- 
ing in*that they pointed out vast differ- 
ences between one food mixer motor and 
another. Some motors proved to be abso- 
lutely ineffective in their speed adjust- 
ments. Some motors showed little speed 
variations between full load and no-load; 
others showed large differences. Some 
overheated dangerously; others didn’t. 
Some had no radio interference; in some 
the noise was severe. One outstanding 150- 
watt motor, having approximately the same 
physical dimensions as the 75-watt motors, 
showed nearly 5 times the maximum torque 
of another motor with 150 watts input. 

The author gives a brief analysis of the 
reasons for these differences, pointing out 
many factors of interest to designers of 
similar equipment. 
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HELICAL SPRING SELECTION CHART 


A. C. RASMUSSEN 
Indianapolis, Ind. 


THE ACCEPTED FORMULAS for helical 
compression and tension springs with 
round wire can be reduced to simple 
terms involving functions of the spring 
factor D/d = u. These functions have 
been plotted in the chart given on the 
next page, so that once a spring has 
been tentatively selected, and the ratio 
D/d has been determined, the spring 
formulas can be applied with less com- 
putations and sufficient accuracy for 
most applications. The functions 
plotted are modified in accordance with 


the Wahl correction factor. 


The simplified spring formulas are: 


P= oF 


P = Md’s’ 


where 
F = total deflection in in. 
e = solid height of active coils = nd 
= number of active coils 
= diameter of wire in in. 


we Dag 


= mean diameter of coil in in. 


= deflection per in. of solid height 


= load in lb. 


= stress factor 


The factors y and M are both func- 
tions of u, and are found from the 
chart. Since the chart has been 
worked out for an allowable stress of 
100,000 lb. per sq.in., the factor s’ 
in the formulas corrects for the given 
allowable stress by setting 


, _. given allowable stress 
100,000 


The quantity d° is tabulated below 
and weights are given for cases where 
costs or inertia are considerations. 


sS 


Spring Steel Wire—Diameters and Weights 


| 
Fraction | W. & M. 





DIAMETER 
Dram. | GAGE | d-1N. d? 
E enmaneeee iin anane 
1 1.0000 1.0000 
15/16 0.9375 0.8789 
7/8 0.8750 0.7656 
13/16 0.8125 0.6602 
3/4 0.7500 0.5625 
11/16 0.6875 0.4727 
5/8 0.6250 0.3906 
9/16 0.5625 0.3164 
1/2 0.5000 0.2500 
7-0 0.4900 0.2401 
15/32 0.46875 0.2197 
6-0 0.4615 0.2130 
7/16 0.4375 0.1914 
5-0 0.4305 0.1853 
13/32 0.40625 0.1650 
4-0 0.3938 0.1551 
3/8 0.3750 0.1406 
3-0 0.3625 0.1314 
11/32 0.34375 0.1182 
2-0 0.3310 0.1096 
5/16 0.3125 0.09766 
0 0.3065 0.09394 
1 0.2830 0.08009 
9/32 0.28125 0.07910 
2 0.2625 0.06891 
1/4 0.2500 0.06250 
3 0.2437 0.05939 
4 0.2253 0.05076 
7/32 0.21875 0.04785 
5 0.2070 0.04285 
6 0.1920 0.03686 
3/16 0.1875 0.03516 
? 0.1770 0.03133 
11/64 0.17187 0.02953 
8 0.1620 0.02624 
5/32 0.15625 0.02441 
9 0.1483 0.02199 
9/64 0.14062 0.01978 
10 0.1350 0.01823 
1/8 0.1250 0.01563 
ll 0.1205 0.014520 
7/64 0.10937 0.011960 
12 0.1055 0.011130 
3/32 0.09375 | 0.008789 
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WT. PER FT. 


Le. 


.6700 
.3470 
.0450 
7630 


"NNN | 


.5020 
. 2620 
.0430 
.8449 


O m m | 


6676 
6412 
.5867 
-5687 


cocco 


5111 
.5064 
.4407 
.4141 


ccoo 


.3755 
.3509 
.3141 

2926 


ccoo 


0.2608 
.2509 
.2139 


.2112 


ccoo 


. 1840 
. 1669 
. 1586 
.1356 


ccoo 


0.12780 
0.11440 
0.09844 
0.09388 


0.08366 
0.07889 
0.07008 
0.06519 


0.05873 
0.05281 
0.04867 
0.04172 


0.03877 
0.03195 
0.02972 
0.02347 


| 








FRACTION W. & M. DIAMETER WT. PER FT. 
Dram. GAGE d-1N. d Ls. 
13 0.0915 0.008372 0.02236 
14 0.0800 0.006400 0.01709 
5/64 0.07812 0.006104 0.01630 
15 0.0720 0.005184 0.01384 
1/16 16 0.0625 0.003906 0. 010430 
7 0.0540 0.002916 0.007787 
18 0.0475 0.002256 0.006025 
3/64 0.04687 0.002197 0.005867 
19 0.0410 0.001681L0 0.004489 
20 0.0348 0.0012110 0.003234 
21 0.0317 0.0010050 0.092683 
1/32 0.03125 0.0009766 0.002608 
22 0.0286 0. 0008180 0.002184 
23 0.0258 0. 0006656 0.001778 
24 0.0230 0. 0005290 0.001413 
25 0.0204 0.0004162 0.001111 
26 0.0181 0.000327 0. 0008748 
7 0.0173 0. 0002993 0. 0007992 
28 0.0162 0. 0002624 0. 0007008 
1/64 0.01562 0.0002441 0.0006519 
29 0.0150 0 0002250 0. 0006008 
30 0.0140 0.0001960 0. 0005234 
31 0.0132 0. 0001742 0. 0004653 
32 0 0128 0. 0001638 0 0004375 
33 0.0118 0. 00013920 0.0003718 
34 0.0104 0.00010820 0. 00028888 
35 0.0095 0. 00009025 0.0002410 
36 0.0090 0. 00008100 0. 0002163 
7 0.0085 0.00007225 0.0001929 
38 0.0080 0. 00006400 0.0001709 
39 0.0075 0. 00005625 0.0001502 
40 0.0070 0. 00004900 0.0001308 
41 0.0066 0. 00004356 0.00011630 
42 0. 2 0. 00003844 0. 00010260 
43 0.0060 0. 00003600 0. 00009613 
H 0.0058 0. 00003364 0. 00008983 
t5 0.0055 0. 00003025 0. 00008078 
46 0.0052 0.00002704 | 0.00007221 
7 0.0050 0. 00002500 0. 00006676 
t8 0.0048 0.00002304 | 0.00006152 
| 
19 0.0046 0.00002116 | 0.00005651 
50 0 0044 0. 00001936 0.00005170 
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HELICAL SPRINGS—ROUND WIRE 


Select Wire Size, Coil Diameter, Find u = % 


e= nd 
= from chart 


ı _ allowable stress 


M= from chart 
d?= from tables 


, _ allowable stress 
100,000 
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GEORGE F. NORDENHOLT, Editor 


And There Shall Be Rumors 


THE FRENCH HAVE A STORY about a farmer who was in 
the habit of going to town every Saturday and on his 
return entertaining his neighbors with the city gossip he 
had heard. On one of these trips he did not hear any 
gossip. But he felt it would be an unbearable disappoint- 
ment to his neighbors if he failed to give them a good 
story, so as he jogged homeward he conjured a lurid tale. 

“A huge fish was caught,” he told his eager listeners. 
“He is so big that his head and his tail lie on the opposite 
shores of the bay and all the inhabitants of the city are 
chopping the fish to pieces, filling their baskets with the 
meat to take home for food.” 


That evening the farmer noticed many people wending 
their way cityward. He asked one why so many people 
were going to town. “Haven’t you heard,” was the reply. 
“A huge fish is being chopped to pieces and we are going 
to get some of it.” Not to be outdone, the farmer hastily 
hitched his horse and-wagon and rushed to the city to get 
his share of the fish. 

Such is the history of most gossip. The present con- 
tinuing crop of rumors relating to national defense and 
war are largely in this category. Washington is flooded 
with reporters and correspondents. Each must corral 
choice tid-bits of gossip’or scandal to satisfy editors and 
the unsatiable appetite of millions of readers. Men who 
know nothing of science or industry, who do not have 
even a speaking acquaintance with military and naval 
problems, “get wind of something,” and the story starts 
the rounds. With each telling it receives further embel- 
lishments and superficially sounds more credulous. 

Some of these stories are vicious propaganda; many 
of them are mere gossip; most of them are sheer nonsense. 
To the credit of the press, few are published. But sooner 
or later they become bridge table or parlor conversation. 


The speaker proudly presents his story as being more or 
less confidential and exclusive. He usually prefixes it 
with. “I heard that,” or “It was told to me by someone 
who ought to know,” or “It must be true because . . .” 


Enthusiastically, the banker, lawyer, butcher or candle- 
stickmaker “proves” how he knows that the lurid tale 
must be true. 


Now is no time for scandal mongers and gossipers. Now 
is the time for everyone to put his shoulder to the wheel, 
and refrain from undermining morale and confidence. 


Capital is sometimes made of the evident inexperience 
of cabinet members or their obvious neglect of their 
duties. But this is no cause for alarm. It is generally 
recognized that cabinet appointments usually involve 
political considerations, and even if the Secretary of the 
Navy goes off on a political jaunt, the work of prepared- 
ness goes on just the same. The real work of prepared- 
ness is done not by cabinet secretaries but by men who 
know their jobs from training and experience, army and 
navy officers plus a splendid corps of civilian engineers. 
There are none better. 


Chrysler officials and engineers have publicly pro- 
claimed the splendid job done by the engineers of Rock- 
ford Arsenal in the design of the 25-ton tank. As Fred 
Zeder, vice-president in charge of Chrysler Engineering 
put it, “We don’t take second place to any engineering 
organization, in or out of the automotive industry, but 
we sure would like to have those engineers at Rockford 
Arsenal to add to our staff. We never imagined that a 
25-ton tank could ride as smoothly and fast as does that 
25-ton tank.” 


In November Propuct ENGINEERING we will give de- 
tails about the fine job that is being done by the Army 
and Navy engineering personnel and we will introduce 
to our readers some of the splendid men who are doing 
the actual work of engineering for national defense. 


In the meantime, if you hear a story that derides, criti- 
cizes or casts doubt upon our Army or Navy and the 
mechanization job they are doing, play safe—don’t be- 
lieve it. And in November Propuct ENGINEERING we 
will give you the facts with which to refute such rumors. 
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Vultee Vanguard 48 Interceptor Pursuit Airplane 


STEEL TUBE FUSELAGES 


Factors for Economy in Fabrication and Assembly 


ARTICULARLY adapted to the 

mass production of the smaller 

types of commercial and military 
aircraft is the welded steel tube type. of 
fuselage. This form of construction per- 
mits fabricating the fuselage, the basic 
structural element of the airplane. in 
simple, accessible jigs, and makes it 
possible to apply the fuselage skin or 
covering as the last step in the assem- 
bly of the airplane. Local concentra- 
tions of work in the assembly line are 
avoided, thus eliminating one of the 
major problems of mass production, 
which must be predicated upon a 
smooth flow of work being applied to 
the airplane as it passes through the 
various stages of fabrication and 
assembly. 

The purely abstract considerations 
involved in the design of welded steel 
tube structures are identical to those 
common to other phases of structural 
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engineering. The stress analysis meth- 
ods applicable to steel tube fuselages 
are but modifications of the established 
procedure used for analyzing bridge 
trusses and similar structures. After 
the directions and magnitudes of the 
loads involved are known, and the re- 
quired margins of safety established, 
the determination of tube sizes and 
joint ‘requirements become compara- 
tively simple matters. The tubes can be 
joined by welding with either the elec- 
tric arc or gas. The process differs 
from other applications of welding only 
in that greater skill is required in 
working with thin tube gages to main- 
tain required accuracy in alignment. 
When laying out a welded steel tube 
fuselage it is of prime importance that 
the designer have a practical knowledge 
of all the factors affecting the eco- 
nomical production of the structure. 
These factors begin to influence the lay- 


out of the basic structure at the time 
when it is simply a geometrical con- 
cept of lines and points, and continue 
to shape the design throughout to the 
determination of major attachment fit- 
tings, selection of the method of cover- 
ing the tube structure, and finally of 
detail fittings and attachment points re 
quired for controls and equipment. If 
these factors are neglected anywhere in 
the progress of the design, beginning 
with the geometric layout of the basic 
structure and concluding with the de 
sign of the last attachment fitting, the 
fundamental economy of welded steel 
tube structures will be sacrificed. 

In the design of a welded steel tube 
fuselage the first step is the determine 
tion of the fuselage form to be used. 
The basic fuselage structure may com 
sist of two main forms: the all-stee 
tube structure wherein the complete 
primary structure is a welded steel 
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tube truss, or the so-called “composite” 
structure made by joining together a 
welded steel tube forward portion 
which includes the cockpits, and an 
aluminum-alloy 
structure. 

Some designers favor the all-steel- 
tube design, believing that a single 
fabrication process throughout for the 
basic structure facilitates production by 
simplifying tooling, minimizing the fac- 
tory equipment required, and elimi- 
nating the fittings necessary for attach- 
ments of the semi-monocoque section. 
This form is also desirable because 
access panels extending the full length 
of the fuselage are removable thus pro- 
viding ample room for installation 
operations during the airplane assem- 
bly. The panels can also be removed 
for inspection and service. 

Another group of designers believe 
that complete access to the extreme aft 
portion of the fuselage is rarely re- 
quired. This group prefer the composite 
type in order to take advantage of its 
lighter weight, higher rate of produc- 
tion in factories having facilities for 
sheet metal construction, and the econ- 
omy gained by eliminating the necessity 
of fairing side panels and their supports 
to the aft portion of the fuselage. 

Regardless of the type selected, how- 
ever, there are certain factors involving 
the basic geometry of the tube structure 


semi-monocoque aft 


Junction of steel-tube structure and semi- 
monocoque structure in typical com- 
posite-type fuselage 
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layout which must not be neglected if 
economical production is to be achieved. 

Consider the all-steel-tube structure 
first. Because of the need for cockpit 
spaces, landing gear and lower wing 
attachment points, the four longeron 
type structure is almost always used. 

The four longeron tube type of struc- 
ture inherently provides the designer 
with a choice of any two of the four 
sides as major sub-assemblies of both 
the fore and aft sections. The practice 
of dividing the structure into foré and 
aft sections (to be later joined by weld- 
ing) is universally followed, partly for 
production breakdown reasons and also 
to save weight by reducing tube sizes 
in the rear section. In cabin type air- 
planes it is also necessary to build an 
irregularly shaped front section because 
of passenger compartment space re- 
quirements, with the result that the 
structure is divided aft of the cabin to 
permit economical weight distribution, 
ənd to simplify tooling, as well as to 
facilitate final alignment of the tube 
structure. 


Naturally, to include two longerons 


and the tubes connecting same, a choice 
must be made to build either the top 
and bottom frames or the side frames, 
as sub-assemblies. The forward section 
bottom frame is usually well braced 
and may be depended upon to hold its 
shape and resist distortion through the 
major assembly. The top frame, how- 
ever, is usually poorly adapted to retain- 
ing its shape as a sub-assembly panel, 
because of the necessity of providing 
clear unobstructed bays for cockpits in 
open cockpit airplanes. At the open 
bays deflection of the frame may occur 


after removal of the frame from the 


sub-assembly jig. 

After a consideration of these factors 
it is logical to design the side frames as 
sub-assemblies, consisting of the upper 
and lower longerons, inter-connecting 
tubes and fittings. A further advantage 
is obtained in that the sides are usually 
symmetrically braced so that welding 
distortion and shrinkage are practically 
the same for both sides when consistent 
welding procedures are followed. With 
proper guidance and indexing the side 
frames, being well braced, may be de- 


pended upon to determine accurately 
the final structure assembly, thus elimi. 
nating the need of an elaborate final 
assembly jig. 

The choice of sub-assembly frames to 
form the aft section. however. may be 
the top and bottom frames rather than 
the side frames. The decision depends 
largely upon the type and location of 
empennage and tail-wheel attachment 
fittings. In any event, the rigidity of any 
side of the aft section is usually suffi. 
cient to maintain its shape and permit 
sub-assembly frame fabrication. 

The Pratt truss is shown in all of the 
fuselage layouts illustrated in this 
article as this type of truss offers the 
advantages of normal vertical lines to 
work from during drafting and tooling 
layout. However, the Warren truss will 
usually consist of fewer tubes, and for 
this reason may be lighter fər a given 
fuselage size. The type of truss used 
will actually depend upon the required 
attachment points as governed by fac- 
tors extraneous to the tube geometry, 
such as placement of the wing to obtain 
the correct airplane balance. 


Geometry of All-Steel Tube Fuselages 


IN THE LINE DRAWINGS of tube layouts in Figs. 1 to 6 are 
shown logical development of the geometry of an all-steel- 
tube fuselage design. The sequence of these figures is based 
upon the design’s desirability from the standpoints of fabri- 
cation and tooling, beginning with Fig. 1 as the most desir- 
able. All illustrations are for a fuselage suitable for a two- 
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open-cockpit airplane, 
discussed are applicable to all types and therefore detail 
treatment of the cabin-type airplane has been omitted pur- 
posely. Note that in all designs the object is to accomplish 
namely to retain all frames in true flat 
planes whenever possible, especially the side frame. 


the same result, 


but the principles 


All-steel-tube structure that 
is ideally adapted for economical 
mass production. From the plan 
view in Fig. 1, it can be seen that 
both the upper and the lower 
longerons of the forward section 
are perfectly straight in all 
planes, and are also parallel to 
and equidistant from the center- 
line of the airplane for the entire 
length of this section. The upper 
and the lower longerons of the aft 
section lie in vertical planes, with 
the bend in the longerons at a 
position adjacent to the welded 
junction of the forward and aft 
sections. All longerons are 
straight lines excepting where the 
bends occur at the junction just 
forward of the splice. Also note 
that these bends are at the same 
station in both the plan view and 
the side elevation, and because of 
this fact the necessary tooling and 
production operations connected 
with this fuselage can be readily 
accomplished. 
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LAN VIEW 
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in Aft Section 





Typical FIG.3 
Intermediate 


tati i 
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FIG.4 


Intermediate 
Station in 


Sane Typical Station 
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Upper longerens in the side 
elevation, Fig. 2, are straight and 
parallel to centerline of thrust. 
In the lower longerons one bend 
is at the same station as the bend 
in the plan view, another bend is 
at an intermediate station further 
forward. If possible, one section 
of the forward lower longerons 
should be parallel to the center- 
line of thrust. In the‘ plan view 
longerons are straight, equidis- 
tant from and also parallel to the 
airplane’s centerline. Upper and 
lower longerons of aft section lie 
in a vertical plane. All longerons 
with the exception of the lower 
forward are straight between 
junction points. All of the side 
frames are in one plane. 


Fuselage in which the upper 
and the lower longerons are 
straight in the plan view of the 
front section, shown in Fig. 3, 
with the exception of the one 
bend at the station forward of the 
junction of the forward and the 
aft sections. The aft portions of 
the forward longerons falls on a 
straight line with the aft section 
longerons. The front and the rear 
sections have vertical sides. In the 
side elevation the upper longerons 
are perfectly straight for the 
length of the fuselage. They are 
also parallel to the centerline of 
the thrust. One bend is made in 
the lower longerons, it is located 
at the same station at which the 
bend occurs in the plan view. 


Layout of fuselage similar to 
that in Fig. 3, but not quite as 
well adapted to production is 
shown in Fig. 4. Although sides 
are vertical, they taper in toward 
the rear, starting at the front 
station. The welded junction of 
fore and aft sections is at the 
identical station for all longerons. 
This type of construction intro- 
duces some difficulties. Drafting 
becomes complicated since tubes 
will be encountered in many lay- 
outs that are not in plane of the 
paper, and must be projected to 
obtain true views. The same diffi- 
culty will be encountered by tool 
designers when laying out assem- 
bly jigs. 


(Continued on next page) 
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Upper longerons in plan view 
in the forward section, Fig. 5, are 
straight and parallel to center line 
of airplane; lower longerons are 
also straight but not parallel with 
upper ones, being tapered in to- 
ward the aft end so that side 
frames are in a “twisted” plane 
that complicates all layout and 
tooling work. The same condition 
exists with regard to longerons in 
the aft section. In side view upper 
longerons are perfectly straight, 
and parallel to line of thrust and 
thus present the only truly un- 
broken plane in the fuselage, but 
unfortunately one that cannot be 
built up as a sub-assembly be- 
cause of the unbraced cockpit 
openings, precluding the neces- 
sary rigidity. A design of this 
nature should be avoided because 
of the high tooling and produc- 
tion expense involved. 


Geometry of Composite-Type Tubular Fuselages 


COMPOSITE-TYPE FUSELAGES shown in Figs. 6 and 
> 


advanced developments wherein the steel-tube structure ter- 
minates immediately aft of the rear cockpit, and the aft 
portion of the fuselage is formed by an aluminum-alloy semi- 
A composite type fuselage may employ 


monocoque structure. 
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any one of the basic steel tube layouts shown in Figs. 1 to 5, 
although it is quite obvious that it is still important to use 
a simple tube structure. The major additional consideration 
lies in the method of attachment used between steel tube 
structure and semi-monocoque structure. 


Three-point attachment de- 
sign for connecting a steel tube 
truss structure to a semi-mono- 
coque section similar to the type 
that is illustrated in Fig. 6 is 
considered by airplane designers 
to be the most practical, since 
this method of construction per: 
mits placing the attachment fit- 
tings in favorable position such 
that much of the torsion and the 
bending resistance which is in- 
herent in the semi-monocoque 
type of structure can be utilized 
to good advantage, which is to 
say, that these attachment points 
are placed as wide apart as pos- 
sible in the structure thus obtain- 
ing a particularly favorable re- 
sult, the achievement of struc- 
tural strength with good weight 
economy. The benefits derived 
from this three-point method of 
attaching a semi- monocoque 
structure, however, are offset 
somewhat by a slight disadvan- 
tage in that a separate sub-assem- 
bly is required for the triangular 
tube truss which connects the 
longerons to the upper semi 
monocoque fitting. 
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Alternative method of semi- 
monocoque attachment shown in 
Fig. 7, involving four attachment 
fittings formed by terminations 
of longerons, avoids necessity of 
a separate tube sub-assembly for 
upper fitting. However, this may 
not be as satisfactory from a 
structural standpoint, as the ma- 
terial of the semi-monocoque sec- 
tion is not always as evenly 
loaded as with three-point at- 
tachment, and it would probably 
be necessary to use a slightly 
heavier gage sheet for the skin 
covering. To comprehend this 
factor, it should be understood 
that the semi-monocoque struc- 
ture is rarely, if ever, a round 
section, but rather a sort of flat- 
tened elliptical section having 
a smaller minor axis at its upper 
end to meet the requirements of 
aerodynamic form, particularly 
with the smaller two-place tan- 
dem type of airplane wherein the 
fuselage must be deep and nar- 
row. If the semi- monocoque 
structure could be designed as a 
true circular section, then the 
four point attachment would have 
definite structural advantages. 


Basic Forms of Assembly Jigs for Tubular Fuselages 


AssEMBLY JIGS shown in Figs. 8, 9 and 10 illustrate basic to provide practical illustration of many of the points 
forms suitable for steel tube fuselage fabrication, and serve which have been discussed. (Continued on next page) 
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The designer’s next problem, follow- 
ing the completion of the basic tube 
structure layout, is the selection of the 
required major fittings for attachment 
of principal units to the fuselage. These 
are: engine mount attachment; wing 
attachment, semi-monocoque attach- 
ment. in the case of a composite fuse- 


442 


lage; overturning structure, in the case 
of an open-cockpit airplane; and em- 
pennage attachment. 

Many of the important production 
design factors affecting each of these, 
together with the factors influencing 
engine mount structures, will be dis- 
cussed in the next installment of this 


series of articles, which will appear in 
the November number of Propvct 
ENGINEERING, 

Subsequent installments will deal 
with the design of minor fittings and 
equipment installation provisions; fi- 
selage covering methods; and design 
considerations relating to tooling. 
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PHILOSOPHY OF DESIGN 


The Foundation for Better Planning 


C. M. ASHLEY 


Product Development Engineer, Carrier Corporation 


UCCESS of an industrial research 
and development organization de- 
pends not only upon the ability 
and intelligence of its members and on 
the effectiveness of their organization. 
Equally important is a proper working 
philosophy as the guide to action for 
each individual and for the group as a 


whole. The development engineer must 


deal with nature in a most imperfect 
state where theory is frequently hidden 
from sight by the complexity of inter- 
actions involved. Problems with which 


he wrestles are usually too complex for 
exact analysis. Experience teaches the 


development man things which his intel- 
lect would never have told him. He 
learns the proper balance between dar- 
ing and caution, idealism and realism, 
theory and practice. His way of think- 


ing must be pragmatic in character, 


hased upon an evaluation of risks and 
the probabilities of a given situation. 


This Thing Called Perfection 


The perfectionist is never happy as 


a development engineer. He quickly 
learns that perfection in any detail is 
dificult to obtain and requires an in- 
ordinate amount of time. He is soon 
forced to one of two alternatives. Either 


he perseveres, seeking perfection, in 


which case he ceases after a time to be 
a useful development engineer, or else 
he gives up his ideal of perfection, in 
which case he is no longer a perfection- 
ist. At the other extreme is the man 
who is easily satisfied with an imperfect 
achievement and never realizes the pos- 
sibilities of the thing which he is de- 
veloping. Less complacent competition 
sweeps past this man. 

Perhaps the ideal attitude is that of 
the deferred perfectionist. While never 
wholly satisfied with present forms, he 
realizes perfection is an objective which 
cannot completely be attained and is 
content to strive for worth-while im- 
provements. The problem of deciding 
when a development has reached a prac- 
tical stopping point requires fine judg- 
ment. The design must be viewed ob- 
Jectively from the point of view of both 
the user and the salesman. Two ques- 
tions must be asked: First, is the 
equipment developed commercially 
practical? Second, have possibilities of 
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trouble been reasonably eliminated? 
One reason why perfection cannot be 


taken too seriously is that it doesn’t stay 


put. At best it is a mental image. Too 
often the engineer finds that his mental 
image has no reflection in reality, that 
a perfectly conceived and executed de- 
sign leaves the field cold when some 
purely practical objection, such as cost 
or lack of market, acts as an insuper- 
able bar to acceptance. Another quality 


of perfection is its growth. As progress 
is made our imagination reaches out 


still further ahead. Our ideas of per- 


fection in equipment are constantly 
being tempered and conditioned by 
changing outside influences such as 
customer reaction, practical workabil- 
ity, or competition. 

So the wise development man recog- 


nizes perfection as that something 


within himself which makes him dis- 
satisfied with present forms, rather than 
an absolute objective. He learns to con- 
trol this dissatisfaction to yield maxi- 
mum returns for the time and monev 


with which he has to work. 


When Trouble Comes 


Since perfection is never achieved, 
the development engineer is constantly 


beset by troubles. Equipment design is 


a strange mixture of theory and prac- 
tice and often the theory comes only as 
the rationalization of recognized prac- 
tice. In many cases it is only by re- 
peated trials of a new design element 
that success can ultimately be won out 
of failure. Even the minor modification 
of a design in a thoroughly explored 
field may be beset by trouble. Consider 
the new model of an automobile, as an 
example. Let the motor manufacturer 
change anything more fundamental 
than the decoration on the hood and he 
brings down on himself a host of “weak- 
nesses” despite endless trials in the 
laboratory, proving ground and on the 
road. If this can happen, how much 
greater is the danger of trouble in a 
field not nearly so well stabilized nor 
able to give a new design adequate ad- 
vance trial? What chance of being free 
from troubles has a new design, even 
when relatively simple, when put out 
with no field trials at all? 

Trouble has another characteristic. 


No matter how successful 999 of 1.000 
elements of a machine are. if the one 


remaining part gives trouble that is all 
that matters. A man may have a car 
whose motor functions perfectly but he 
is still thoroughly annoyed by a weak 
ignition system, a shorted starter, or a 


grabbing clutch. Yet the “bugs” in that 


car may amount to only one-hundredth 
of one per cent of the design problems 
which have been solved successfully. 
What attitude must be taken? First, 
trouble must be expected from any 


change, however small. Second, the 


likelihood of trouble increases with the 


magnitude and with the novelty of the 
change. Third, the chances of catching 
the trouble in the laboratory stage de- 
pend upon the extent and intelligence 


of the proof tests. Fourth, no amount 
of proof-testing will catch all of the 


troubles. Fifth, the wise general always 
lays his plans for a retreat before he 
starts his advance. 

When a change is made, ask three 


questions: One, what are the chances 
of trouble? Two, how can the trouble 


be discovered? Three, what alternatives 
are there in case trouble develops? Re- 
garding the third, perhaps there are 
other methods for achieving the same 
result that do not seem quite as cleanly 


designed but which may be less novel, 


thus safer. Again, the changed part 
may be sub-divided so that replacement 
is less expensive. Or particularly easy 
access might be arranged to cut the 
cost of a field repair. 


The role of the development engineer 


becomes very much like that of the 
actuary who tries to gage the magnitude 
of the risk and sets premiums accord- 
ingly. Where the production of a ma- 
chine part is small, it may not be ex- 
pensive to take large risks. Where the 
risk possibility is great, the production 
must not be permitted to grow too large 
before extensive tests have proved the 
new design and reduced the risk to a 
minimum. 

One of the most difficult psychological 
problems is for a man accustomed to 
designing for small quantity production, 
to shift to designing for mass produc- 
tion. Where before he had the utmost 
freedom in making changes immediately 
as experience dictated, now he must 
stop to consider questions of cost, inter- 
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changeability, field replacement, con- 
fusion in manufacturing and market- 
ing, and a host of others. 

There is one other aspect of trouble 
that certainly deserves mention. It sel- 
dom or never occurs where it is ex- 
pected. This is popularly recognized 
and is not so difficult to understand 
when it is remembered that anticipated 
trouble is usually guarded against. It is 
the unanticipated trouble against which 
we cannot protect ourselves. Still, we 
know from experience that we must ex- 
pect it and prepare to meet it from 
whatever quarter it may come—by keep- 
ing designs as flexible and adaptable 
as is in any way consistent with the 
factors of cost and results. 


The Time Factor 


Pure research does not generally rec- 
ognize time as one of its limitations. 
Development, on the other hand, meets 
constant pressure from management to 
conform its projects to rigid time sched- 
ules. Frequently these schedules are 
dictated not by the time required to 
carry on the development in an orderly 
manner, but by the exigencies of the 
commercial situation, such as competi- 
tion, production demands, sales needs. 
It is hard for people outside of the de- 
velopment group to understand why 
schedules cannot be set up and met, 
and it is equally hard for those within 
to set them up and meet them. 

Any sort of schedule assumes the 
success of each step and of the devel- 
opment as a whole, for failure would 
inevitably retard the work. Actually, 
however, failure is the customary initial 
reward of development. In fact, design 
engineers meet with so many failures 
in this line of business that they have 
to be optimists by nature. Otherwise 
they wouldn’t have the courage to keep 
plugging. Success comes as a rule out 
of a series of time-consuming failures. 

Most developments must fulfill not 
only one objective, but dozens simul- 
taneously, such as cost, power demand, 
weight, space occupied, accessibility, 
quietness, good appearance, and reli- 
ability. The failure to meet any one of 
these may result in failure of the design 
as a whole. After extensive study it may 
be found that the objectives are unat- 
tainable. They must then be restated 
and the work started all over again. It 
is not to be wondered, therefore, that 
development problems, even those along 
conventional lines, should be hard to 
schedule. As for the radically new 
things, schedules had best be forgotten 
until some success becomes assured. 

Every orderly time estimate of a de- 
velopment is based upon the summation 
of the time estimates for each separate 
step. You may allow for failures by fig- 
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uring on one, three or five trials to 
reach a successful solution of a given 
step, but there is no assurance whatever 
that this will be the number actually 
required. 

It is commonplace to observe how 
simple an accomplished result seems 
compared with the labor and circum- 
locutions by which it was reached. Ex- 
perience seems to indicate that devel- 
opments take about three times as long 
as there seems any good reason that 
they should take. But it does not do to 
set up a schedule which allows this 
extra time for each step, since then the 
development engineer unconsciously 
plans a more exhaustive study which 
uses up more than the time allowed. 
For the development as a whole this 
becomes cumulative. The best plan is 
to set up each step, giving it a reason- 
able allowance above the requirements 
visualized at the start of the develop- 
ment. Then, for the development as a 
whole, an extra time allowance as 
taught from experience should be made 
to cover the remaining contingencies. 

Savings in time required to consum- 
mate a development can be made 
through more intelligent planning and 
execution, that is. better organization. 
This should be the constant aim of a 
development staff. Too often. however, 
the development engineer or director is 
swayed by commercial exigencies into 
feeling that in a particular case he can 
“heat the game.” He is customarily dis- 
appointed. Even short-circuiting the us- 
ual procedure seldom helps him in the 
long run. Although he may be able to 
complete a development, he is later 
forced by unfavorable developments 
from the field to return to his unfinished 
task. 

Time for design is one of the most 
important factors in the success of an 
industrial organization. There is no sub- 
stitute for it. Both management and 
design engineers must give it due con- 
sideration in laying plans. 


Development Planning 


Planning is the lubricant that keeps 
a development organization running 
smoothly. Where proper plans are not 
made, the essential ingredient, time. is 
out of phase and the result is more 
likely to be chaos than accomplishment. 
The planning must be of three types. 
First. each development project must 
be planned so as to arrive at a satis- 
factory state of conclusion at the de- 


sired time. This involves the marsliall- 
ing of resources and men and working 
out the time required. In general. all 
developments follow the same pattern, 
with variations caused by the magnitude 
of the design problems and production. 

Next comes the planning of the whole 
development program. Here, all of the 
projects compete to some extent for the 
services of the shop, draftsmen and 
engineers. In this program must be 
found some way to relieve the “bottle- 
necks” wherever they occur. 

Finally, there is the problem of the 
long term planning of the product en- 
gineering of the company. No company 
would think of operating without some 
sort of a budget, even though it knew 
that the budget would not be followed 
in all details. In the budget would be an 
account for the depreciation of all of 
the physical assets of the company: 
the machinery, the inventory and the 
plant. Yet the designs of the products 
which it makes are seldom considered 
in depreciation. Some designs may have 
a useful life of ten or twenty years, 
but it is normal to expect a life of not 
more than one to three years before 
minor changes must be made, and no 
more than five before something fairly 
radical is required. In many lines the 
customer expects, and gets, a new de- 
sign every year, even though the changes 
are mostly in the external appearance 
and gadgets, and the “revolutionary ad- 
vances” come from the publicity de- 
partment. It usually takes the better 
part of a year from the time a minor 
redesign is approved until it is rolling 
down the production line, and for a 
major redesign it may be one to five 
years, or more. For this reason, it is not 
enough to wait until some competitor 
brings out a new design and then try 
to match or better it. 

What this adds up to is that a com- 
pany, in order to stay in the running, 
must constantly apply fresh study and 
effort to each of its lines and must be 
ready to bring out of the laboratory, at 
the right moment, new models to keep 
abreast of competitive progress. For 
success in this, more time than seems 
necessary will be taken, troubles will 
bring their headaches, and the work 
probably won’t be perfect when finished. 
It is the development man’s unique 
privilege to expect, understand and ad- 
mit these things. And development work 
can be soundly organized only by men 
who base their judgment and planning 
on the underlying abstract factors. 


BUSINESS CAN ADJUST its plans and operations to conform to almost any definite 
system of practices and set of regulations but it cannot plan and carry on under 
rules which are subject to momentary change without notice or without having 
any means of even scientifically guessing what the rules may be. 





—Raoul E. Desvernine 
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CAUSES AND CURES 


Propuct ENGINEERING will pay $3 for each example published in Causes and Cures. 
Where illustrations are necessary, include drawings, rough sketches or photographs 





Torsional fatigue failure of an engine crankshaft 
started in a narrow galled band around the rear end of the 
rear pilot and then progressed through the wall of the shaft 
and finally to the end of the shaft. After close study, failure 
was not attributed to inherently faulty material nor to the 
method of quenching in heat treatment. Chief cause of the 
failure was considered to be the galled ring, in which two 
cracks originated. The ring appears to have been caused by 
repeated impacts, such as vibration of the end of the front 


































ai p shaft, which embrittled the surface metal. | 
| 
v Fatigue crack 
Galled ring caused 
by vibration e 
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|. 
» Riveted joints subject to vibratory or repeated loads have 
T Fracture started been found to fail by fatigue when the rivet is driven in an 
e incracks here oversize hole, causing a crease under the head of the rivet as 
g shown in the diagram. Failure starts in crease, works through 
a head. The remedy is to design the rivet with a s-in. fillet. 
e 
ot 
T 
ry Spring-loaded clock timers, oper- 

ated in humid, high-temperature con- 
n- z ditions, were found by a package ma- 
g ae ‘Splash cover chinery manufacturer to be inaccurate. 
id i Leakage These conditions caused variations in 
be ' -° even with spring characteristics. Cure was to sub- 
at : gasket stitute compensated bimetallic timer. 
ep : 
or s : / 
ns No / Steam boiler accidents investigated 
ill i Sp leakage in the past showed that employees were 
rk often seriously scalded while in the act 
d. of shutting off the water glass valves 
ue following failures of the gage glasses. 
d- No doubt the seriousness of these in- 
rk juries was contributed to by the fact 
en that the valve stems had fine threads 





ng which required several turns of the 





Leakage of liquids through joints 
under the splash cover of a container, 
even when the cover has a tight fitting 
gasket, is a common occurrence when 
the liquid in the container splashes 
Violently. An easy remedy for this 
trouble has been found by designing 
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the splash cover with a projecting lip 
around the inside. This lip makes a 
loose male fit with the opening of the 
container. The splashing liquid then 
strikes this lip and falls back into the 
container without striking the gasket 
with enough force to leak out. 


handwheel to close the valves. To cor- 
rect this, gage-glass valves that can be 
closed with less than one turn of the 
handle were substituted. Consideration 
should be given to the use of such 
quick closing valves, especially on high 
pressure steam equipment. 
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OR many years designers of in- 
duction motors paid little atten- 
tion to noise; reliability, cost 

and performance characteristics were 

stressed. As the public became more 

“noise conscious” manufacturers were 

forced to devote more attention to the 

possibilities of reducing or eliminating 
noises inherent in their products. 

Noises in induction motors come from 

mechanical, windage and magnetic 

sources, and some of these noises can, 
when prevalent, be very objectionable. 

Induction motor noises from mechan- 
ical sources usually are not great in 
volume or of high frequency and are, 
therefore, tolerable. Good design, per- 
fect balance of rotating parts, good 
manufacturing practice and the selec- 
tion of proper bearings well mounted, 
all serve to keep these noises to a 
minimum. 

Windage, often a common source of 
noise, is caused mainly by vibrating 
air columns produced by fans and the 
passage of this air through the venti- 
lating ducts. This noise can be, and 
usually is, kept at a minimum by proper 
design of the air passages, the number 
and shape of blades of fans with re- 
spect to the passages and obstructions 
so as to eliminate as far as possible 
what are known as “siren effects.” 
Windage noise is easily distinguished 
from other noises, being the predomin- 
ating noise when the motor is coasting. 

Magnetic noises, usually present in 
varying degrees, are generally of fre- 
quencies above 1,000 cycles per sec. 
and, therefore, are more audible and 
annoying. They originate from a num- 
ber of causes such as stator vibration 
arising from flux distribution, tooth 
frequency by reason of the number of 
slots in the stator and the number of 
teeth in the rotor, and also the magnetic 
density and air gaps. The mechanical 
stiffness and shape of the teeth in both 
the rotor and the stator lamination 
will also have an effect. 

From this brief analysis of the noise 
problem it is apparent that results at 
least cost can best be effected by elim- 
inating as many as possible of the 
more audible and disturbing noises, 
most of which can be traced to the 
action between rotor and stator slots 
and teeth. 
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MOTOR NOISE 


As Influenced by the Design of Rotor 


CARL E. JOHNSON 





All of the rotors in early designs of 
induction motors were made with what 
are known as straight bars.. It was 
found that the magnetic action between 
the straight rotor bars and straight 
stator teeth resulted in the “abrupt 
breaking” off of the flux, which pro- 
duced tooth vibration and thereby ob- 
jectionable high pitched noises. After 
some analysis it was determined that, 
if the rotor bars or stator slots were 
“skewed? a small amount, the mag- 
netic flux would be “sheared off” in- 
stead of broken abruptly as the rotor 
revolved, thereby reducing the excessive 
vibration of the teeth of both stator 
and rotor. It was also found that a 
greater angle of skew of the bar gave 
more shearing effect and a further 
reduction in noise but that, if the bars 
were skewed too much, the character- 
istics of the motor would suffer. Design- 
ers were then compelled to select an 
acceptable compromise between noise 
and performance. The answer was that, 
performance usually being the more 
important, a tolerable degree of noise 
had to be accepted. The straight skewed 
construction being the best solution 
at the time was generally adopted, and 
so it remained until designers became 
more “noise conscious” and a_ better 
solution could be found. 

With the knowledge that the larger 
skew would reduce noise it was a simple 
and logical step to work out a herring- 
bone type of construction that would 
permit a greater skew of the rotor bars 
with the desired greater “shearing 
effect” without affecting the character- 
istics of the motor. This herringbone 
idea offered latitude in the use of a 
variety of forms but for simplification 
a standard was adopted that skewed 
the bars at twice the angle for one-half 
the axial distance and then returned 
the bars to a point opposite to the point 
of starting. Results of tests on this con- 
struction confirmed the herringbone 
theory of reducing the high pitched 
magnetic noises. 

In testing, the objective was to obtain 
a direct noise performance comparison 
between straight, 12-deg. standard 
skewed, and 24-deg. herringbone rotor 
constructions, shown in Fig. 1, under 
exactly similar conditions. All three 
types of rotors were made with standard 














57 slot cores, the same size of bar. end 
rings, diameter, and air gaps—the “bar 
skew” being the only difference. Other- 
wise all were interchangeable. 

A standard “open type” sleeve bear- 
ing, 48 slot stator was wound with a 
standard 6-pole, 742-hp. winding. The 
“open type” was selected in order that 
a maximum of whatever noise generated 
would be recorded. Also the 48 slot, 
6-pole, irregular grouped, winding was 
selected because from the magnetic 
standpoint it is one of the most difficult 
and troublesome of standard combina- 
tions and would therefore fully test the 
effectiveness of rotor skew on noise 
generation. 

In order to reduce complications and 
to obtain a more accurate comparison 
of the effects of rotor skew the cooling 
fans were left off in all three rotors. 
All three rotors were tested in the 6-pole 
stator at no load on 3-phase. 220 volts, 
60 cycle current supplied from a large 
laboratory alternator having good sine 
wave characteristics. Readings were 
taken at full load after the motor had 
attained operating temperature. 

All measurements of the noise in- 
tensity produced by the motors were 
made with a General Radio, type 759-A, 
sound level meter. Sound intensity was 
taken at five equidistant points from 
the motors and the arithmetic average 
of these five readings were taken as 
being representative of the noise pro- 
duced. In accordance with the tentative 
standards of the A.S.A. and A.LE.E., 
the microphone was maintained at a 
distance of one foot from the nearest 
major surface of the motor. Readings 
were taken with the response of the 
meter adjusted to correspond to the 
response of the human ear at a sound 
intensity of 40 decibels above a refer- 
ence level of 10°” watts per sq. cm. at 
1,000 c.p.s., as it was felt that this ad- 
justment would furnish an_ indication 
most nearly in accord with the sensa- 
tion produced by the motor in service. 

The straight bar rotor produced the 
greatest observed noise level, or 71.2 
decibels as indicated on the meter, a 
reasonable figure for a 6-pole, 3-phase 
motor with 48 slot grouping. Taking 
the 71.2 db sound level as a reference 
level, the relative sound intensities for 
the three designs of rotors are as fol- 
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lows: Straight bar rotor 0.0; 12-deg. 
skewed bar —11.7; 24-deg. herringbone 
—15.7 decibels. 

These results clearly indicate the 
advantage of herringbone construction 
from the point of view of magnetic 
noise reduction. In the propagation of 
sound waves, of course, a transfer of 
energy is involved. The average rate 
of flow of this energy per unit area 
normal to the direction of propagation 
can be conveniently expressed in terms 
of intensity units, but since the differ- 
ence in decibels of two sound waves 
having acoustic intensities /, and J; is 


db 
10 


it follows that the noise produced by 
the 24-deg. herringbone rotor, being 4 
db below that produced by the 12-deg. 
skew rotor, represents a power ratio 
of 2.5, or one motor with a 12-deg. 
skew rotor releases as much sound 
power as do two and one-half motors 
with 24-deg. herringbone rotors. 

With the aid of the G.R. 760-A 
sound analyser noise spectrums were 


= loge (L/l) 











made of all three rotors and the motor 
noises were separated into their indi- 
vidual frequency components. This 
analysis is shown graphically in Fig. 
1. In these charts the intensity of a 
given component is shown with refer- 
ence to the intensity of the strongest 
component. Thus with the straight 
rotor the strongest component, Fig. 
1(A), was at 1,280 c.p.s., and for pur- 
poses of comparison this component 
is taken as representing zero level while 
other components are shown as a cer- 
tain number of db below this reference. 

It will be observed from the charts 
that the noises produced by the motor 
consist of two distinct groups of fre- 
quencies. The first is a lower frequency 
group corresponding to rotational fre- 
quency of the rotor and harmonics of 
this frequency together with compo- 
nents of frequency equal to that of 
applied voltage. The second group is 
of high frequency produced by the 
rotor and stator teeth and some windage 
caused by rotor bars passing stator 
winding openings. The effect of in- 
creasing the skew of the rotor bars 





or shearing the flux is shown by the 
sound analysis, the intensity of the high 
frequency components, which are the 
most objectionable, being considerably 
reduced. 

Another observation during tests 
that suggested a further advantage of 
herringbone rotor construction was its 
tendency not to oscillate as much under 
sudden changes of load. One-way 
skewed rotors have more of a lateral 
“screw effect,” tending to screw out of 
the stator with sudden load changes, a 
characteristic not noticeable in her- 
ringbone construction. 

These test results clearly indicate 
that herringbone rotor construction is 
a step forward in the art of making 
quieter induction motors, especially 
when it is considered that prior to this 
development the procedure generally 
followed to obtain even a slight noise 
reduction in special “silent type” mo- 
tors was costly, consisting of lowering 
magnetic densities, increasing air gaps, 
and providing larger number of slots 
and coils, which in most designs re- 
quired larger frames. 
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Fig. l—Types of rotors tested and noise spectrums for motor with each of the three different types, all of which were tested 
ma 6-pole stator. (A) straight bar rotor, (B) 12 deg. standard skewed bar rotor, (C) 24-deg. herringbone rotor 
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REDESIGNING FOR 


H. M. WEBBER, General Electric Company, L S 


Original 
Cast 
Toggle 


Furnace- 


brazed 
Joints 


Redesigned Brazed Toggle 


Brake toggle for tractors, originally 
cast, when redesigned for fabrication 
by furnace brazing consists of five steel 
stampings, a standard nut, and four 
pieces of copper wire. The component 
parts are shown above in their relative 
position. The three major parts are de- 
signed with stamped projections which 
locate them accurately during assembly. 
After the parts have been assembled 
they are spot-welded as shown in the 
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diagram to hold the assembly together. 
Copper brazing wires are simply laid 
into position, two of them being bent 
into circles to fit around the built-up 
bosses: The entire assembly is then 
passed through a controlled-atmosphere 
electric furnace, where the copper melts 
and flows uniformly into all joints. 

In this particular brake toggle part, 
punched holes are accurate enough for 
the service intended, so that no drilling 


lak 
Assembled 
for Brazing 


is needed. Similarly, no grinding or fin- 
ishing of stamping surfaces or brazing 
fillets is necessary. The standard nut 
eliminates drilling, reaming, and tap 
ping operations formerly necessary on 
the cast brake toggle. 

Weight of the brazed toggle is % 
oz., whereas the weight of the cast part 
was 131% oz. Savings in machining 
operations and in materials is claimed 
to have reduced costs by 46 per cent 
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URNACE BRAZING-I 


L. SWANSEN, Allis-Chalmers Manufacturing Company 


Original Forged Rocker Arm 


= Furnace- 


brazed 
Joints 


Complete Brazed 
Rocker Arm Assembly 


Furnace-brazed rocker arm assembly. 
redesigned from forged part, is made of 
six pieces; two steel stampings which 
form the arm, a screw-machine part 
Which serves as the face bearing, a 
bushing and an adjusting screw with 
lock nut. Assembly operations consist 
of spot-welding the two SAE 1010 
stampings together, inserting the high- 
carbon steel screw machine part, plac- 
ng the brazing wire in position as 
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After Cyanide Hardening 


shown, and passing the assembly 
through a controlled-atmosphere elec- 
tric furnace operating at 2,060 deg. F. 
The entire assembly is then cyanide- 
hardened to add stiffness and to harden 
the face bearing. Final machining oper- 
ations include tapping the hole for the 
adjusting screw and inserting and bur- 
nishing the bushing. 

Principle aims of this fabricated de- 
sign were to reduce machining formerly 


Parts in Relative Positior 


Assembled and Spot 
Welded Before Brazing 


necessary and to overcome the chief 
difficulty of the forging in that the car- 
burized and hardened ends of the forg- 
ing were not uniform, and often failed 
because too soft or brittle. 
the elimination 


Result was 
of cleaning, boring, 
facing, milling, and drilling operations, 
and more accurate and uniformly hard- 
ened contact faces. Lighter weight of 
fabricated rocker arm permits use of 
lighter valve spring and push-rod. 
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HYDRAULIC FLUIDS—II 


Fundamentals Affecting Circuit Efficiency 


r | YHE IMPORTANCE of selecting 
a hydraulic fluid of correct vis- 
cosity, wear resistance and de- 

mulsibility was discussed in Part I of 

this article which appeared in the Sep- 
tember issue of Propuct ENGINEERING. 

This part of the article will cover the 

significance of viscosity index, pour 

point, neutralization number, stability 
and miscellaneous properties. 


Viscosity Index 


In considering viscosity index, re- 
garded as one of the more important 
specifications, it would be well to 
review the reason and meaning for this 
specification. Viscosity index is gener- 
ally defined, as Dean and Davis Viscosity 
index, Dean and Davis being the names 
of the research investigators credited 
with developing this system of evaluat- 
ing temperature viscosity change. 

The actual purpose of viscosity index 
as such is to evaluate relatively the 
magnitude of viscosity change occurring 
through any given temperature rise. Oils 
of different bases, such as_ paraffin, 
naphthenic, asphaltic, have varying vis- 
cosity indexes. 

At the time Dean and Davis were 
developing the viscosity index system, 
a certain paraffin base oil was found to 
change the least in viscosity when sub- 
jected to a given temperature rise. 
Hence, this was given a rating of 100 
per cent, or said to have a Dean and 
Davis viscosity index of 100. All other 
oils investigated at that time had in- 
dexes of less than 100. Of course, the 
perfect oil would have no change in 
viscosity over a wide temperature range. 
Unfortunately, no such oil exists. All 
oils thin out, have lower viscosity, at 
higher temperatures; and thicken, in- 
creasing viscosity, at lower tempera- 
tures. However, as pointed out, these 
changes in viscosity with temperature 
are not identical, nor even nearly iden- 
tical, for different bases of oil. Some 
may thin out rapidly and thicken 
quickly, others relatively slower. Hence, 
viscosity index, or V.I. as it is com- 
monly termed, is a method devised to 
show the relationship between these vis- 
cosity changes of various oils with given 
changes in temperature. Therefore a 
high V.I. rating means the oil changes 
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less in viscosity with temperature 
change than would an oil of lower V.I. 

Since most hydraulic equipment de- 
pends for high pressures upon main- 
taining a viscous seal between moving 
parts, it is extremely important that 
wide fluctuations in viscosity be avoided. 
This is particularly so when one con- 
siders that on a typical hydraulic pump 
the overall efficiency can drop to a very 
low value, say around 25 per cent, and 
still the input power to the unit will 
remain as high as if the unit were de- 
veloping 75 per cent or higher overall 
efficiency. To illustrate this relationship 
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Overall Mechanical Efficiency, Per Cent 


further, a typical example is recorded 
in Fig. 3. Here it is seen that the only 
reason for decrease in overall efficiency 
is lowered viscosity, the dynamometer 
used in the test indicated no reduction 
in power input. By disregarding the 
critical effect of viscosity index, this 
user was paying for efficiencies of 75 
per cent or over, and was obtaining 
about one-third that amount because 
of the use of oil of the wrong operating 
viscosity. 

Of course, there are other methods 
for controlling this loss in efficiency, 
such as the inclusion of heat exchang- 


OVERALL EFFICIENCY CURVES 
Type S-141 Unit 
Capacity, 3-G.P.M. at 1,160 R.P.M. 


Low-index Oil =50 Dean and Davis 
High-Index Oil =150 Dean and Davis 


Operating Pressure, Lb. per Sq. In. 


Fig. 3—Curves which show losses in efficiency of hydraulic units with high and with 


low viscosity index oils 
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Table I—Values for Calculating Viscosity Index by Dean and Davis Method 
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The Dean and Davis method of evaluating the viscosity-index 
of an oil is a comparison of the oil under test with two standard 
oils, arbitrarily chosen so that all three oils have the same Say- 


lt Viscosity at 210 deg. F. 


above table. 


The standard oils are given in the 





zero. 
ing formula: 


The viscosity index 


of an oil is determined by the follow- 


- U 


~ LH 


H 


X 100 


Series H oils are given a rating of 100 V.I. as they probably had 

he least viscosity change with temperature of any straight run 
oils known at that time. 

Conversely, Series L oils are rated zero Viscosity Index. 

owever, present day oils have a V.I. greater than 100 or less than 


October, 1940 


in which L, H, and U are the Saybolt Viscosities at 100 deg. F. of 
a Series L oil, a Series H oil and the oil under test, respectively, 
all three oils having the same viscosity at 210 deg. F. This vis- 
cosity in above table determines the values of L and H to be 
used in the formula. (Continued on next page) 
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Kinematic 


VISCOSITY INDEX CHART 


Viscosities Less Than 50 Sec. Saybolt to 
be Determined with an Absolute Viscometer 


1.88 


Kin. Vis = 0.00216 x Say. Vis.— Say. Vis. 


Viscosity 
at 210 Deg. F. 


The Dean & Davis viscosity index can be read from 
the nomographic chart by extending a straight line 
from the viscosity at 100 deg. F. (plotted on the 
left-hand vertical scale) and the viscosity at 210 
deg. F. (shown on the curved scale) to the right- 
hand vertical scale which shows viscosity index. 
EXAMPLE: Fluid having viscosity of 150 SSU at 
100 deg. F. and 43 SSU at 210 deg. F. shows 
index of 93 on right-hand scale. 


Fig. 4 


Viscosity Index 
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ers and thermal regulators in the circuit 
to hold viscosity at a predetermined 
value. However, this auxiliary equip- 
ment is an additional expense and a 
considerable part of the benefit derived 
therefrom may be obtained by using 
fluids possessing a high viscosity index. 
A further point in behalf of high vis- 
cosity indexes is the fact that slow 
down, following a cold start, is min- 
imized. Often production in the entire 
plant will depend upon the continued 
operation of a certain production line, 
which may be driven with a hydraulic 
power unit, or a certain battery of pro- 
duction machines may be driven and 
controlled hydraulically. Consequently, 
where man hours are lost and unit costs 
pyramided with every minute of delay, 
it is vitally important that the hydraulic 
drive or control does not slow down 
with temperature rise, as it will unless 
preventive measures are applied. 

For the convenience of the reader a 
viscosity index chart is shown in Fig. 4. 
This chart covers a wide range of fluids 
and indexes and may be used to check 
readily the viscosity index of ordinary 
hydraulic fluids. The only requirements 
are the viscosity values at the two tem- 
peratures, 100 and 210 deg. F. These 
are the standard temperatures used by 
most refiners in stating simple viscosity 
specifications. Where the viscosity index 
is desired with absolute accuracy, it is 
recommended that the data shown in 
Table I be used to compute the viscosity 
index. As explained in the notes accom- 
panying Table I, the method of com- 
putation is relatively fast and simple. 

In briefly summarizing this matter of 
viscosity index, it should be pointed out 
that an oil having a viscosity index of 
less than 60 will, generally speaking, 
contribute to loss of power and reduced 
overall efficiencies. There are many good 
fluids that can be obtained. that pos- 
sess indexes ranging from 60 to 125 
Dean and Davis. Broadly speaking, it 
is not always safe to say that the one 
that checks high will be better than the 
one checking low. However, the high 
one will be superior, speaking strictly 
from a viscosity temperature and hy- 
draulic slip standpoint. If one attempts 
to make an overall comparison, consid- 
ering index only, he is likely to go 
astray on such specifications as de- 
mulsibility, wear resistance, pour point, 
neutralization number, and similar 
specifications. 


Pour Point 


While hydraulically equipped ma- 
chine tools are not usually thought 
of as being operated at sub-zero tem- 
perature, the pour point specification 
must nevertheless be taken into con- 
sideration. 
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There are several reasons why the 
pour point value must be considered 
carefully. The induction capacity of 
any hydraulic pump irrespective of 
make or excellence of design and work- 
manship cannot exceed a certain value. 
This value is. simply speaking, atmos- 
pheric pressure. In other words, no 
matter how excellent the pumping 
equipment is, in terms of induction abil- 
ity it cannot do better than to develop 
a perfect vacuum on its intake side. 
Experience with hundreds of manom- 
eter tests has shown that 28 in. of mer- 
cury is about the maximum to be ex- 
pected from the best hydraulic pumping 
equipment available. If the barometric 
pressure at sea level, 29.92 in. of mer- 
cury, is divided into atmospheric pres- 
sure at sea level, 14.75 lb. per sq. in., 
it is found that a barometric inch of 
mercury is equal to approximately 0.49 
lb. per sq. in. pressure. Hence, a pump 
developing 28 in. of mercury vacuum 
on the intake side will have a maximum 
inductive capacity of approximately 
13.7 lb. per sq.in. at sea level. Con- 
trasted to this, the capacity on the pres- 
sure side of the pump is frequently 
around 1,000 lb. per sq. in. or roughly 
73 times the amount available on the 
suction side. 

The pressure drop through the induc- 
tion system varies, in addition to other 
factors, approximately as the 0.5 
power or square root of the Saybolt 
viscosity. When considering viscosity 
alone and its effect in terms of pressure 
drop through the intake system, it must 
be remembered that the viscosity in- 
creases rapidly at a much higher ex- 
ponential value than the pressure drop 
exponent of 0.5. Therefore it is clearly 
important that the viscosity be kept as 
low as possible to prevent further in- 
roads on the already limited induction 
force. 

When low temperatures are expected 
in operation, it is of utmost importance 
that the pour point of the fluid be speci- 
fied considerably below the lowest ex- 
pected operating temperature of the 
pump and reservoir. The pour point 
should be much lower than the mini- 
mum expected operating temperature 
for the obvious reason that the fluid 
tends to thicken rapidly as the pour 
point is approached. The author has 
been successful in field experiences in 
maintaining a spread of about 30 deg. 
between the pour point and the lowest 
expected operating temperature. In 
other words, if an ambient temperature 
of 50 deg. F. is anticipated, the pour 
point of the oil should niot exceed 20 
deg. F. Where possible it is desirable 
to have an even wider spread, since the 
above condition wäs intended to state 
the minimum limit for temperature 
spread, and is contingent upon the use 





of fluids of correct operating viscosities. 

It is possible with ordinary paraffin 
base mineral oils to lower the pour 
point considerably by the addition of 
certain hydrocarbon compounds such 
as Paraflow. The action of these com- 
pounds is to change the molecular struc- 
ture of the wax content from crystalline 
to amorphous, in other words, to effect 
a lower film shear value between the 
various wax molecules. This is the same 
treatment given to the greater propor- 
tion of our crankcase lubricating oils 
known as SAE 10W, 20W. and so 
forth. Some oils before the addition of 
these compounds would be termed sim- 
ply SAE 10 or SAE 20 lubricating oil. 

Naphthenic base oils ordinarily have 
an inherently low pour point. The 
author has investigated oils of this base. 
with natural pour point values well 
below zero degrees Fahrenheit. 

When extreme low temperatures are 
anticipated it has been found practical 
for some installations to blend the hy- 
draulic oil with 10 or 20 per cent of 
sulphur free kerosene. Mixtures of SAE 
10W oil and 20 per cent of well refined 
kerosene have been used successfully in 
certain outdoor applications such as hy- 
draulically equipped snow plows and 
other road machinery. 

Summarizing the effects of pour 
point, it has been found that it is neces- 
sary to maintain a spread of 30 deg. 
between the pour point and the lowest 
expected operating temperature. Fail- 
ure to observe pour point specifications 
may cause serious cavitation of the 
pumping equipment resulting in ex- 
cessive noise, and aeration of the oil 
reservoir contents with all the attendant 
evils accruing therefrom. 


Neutralization Number 


The term neutralization number is in- 
tended to define the relative degree of 
acidity present in any mineral oil, or in 
certain compounded hydraulic fluids. 
The neutralization number is expressed 
as a decimal, for example, 0.08 and 
0.10, the decimal indicating the frac- 
tional part of a milligram of caustic, 
usually potassium hydroxide. KOH, re- 
quired to neutralize one gram of the oil. 
Such a test indicates in mineral or com- 
pounded hydraulic fluids the presence 
of organic constituents having acid 
characteristics and the contamination 
by alkalies or mineral acids. The pres- 
ence of acid in the reservoir contents of 
any hydraulic system will rapidly in- 
crease the tendency to sludge or to 
emulsify. In addition to the accelerated 
emulsification that occurs, corrosion and 
pitting of bearing surfaces often de- 
velop. resulting in excessive wear. 

Fatty acids, sometimes termed saponi- 
fiables., are present in animal or vege- 
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table oils and therefore in oils com- 
pounded with these products. These are 
definitely harmful if present in anything 
except minute quantities. They react 
with metals to form metallic soaps and 
other compounds which accelerate 
sludging and emulsification. 

Mineral acids such as sulphuric acid, 
or alkalies, are infrequently found in 
well refined hydraulic fluids. When 
present, such constituents usually indi- 
cate that refining or solvenizing chemi- 
cals have not been removed entirely. 
This is one reason for making sure 
that. when new, hydraulic fluids have 
a neutralization number of 0.10 or less. 
Where an unusually complex or ex- 
pensive circuit is involved, it is advis- 
able to have the maintenance depart- 
ment check neutralization numbers 
periodically. Any increase in neutraliza- 
tion number during service should be 
very gradual. An abrupt increase is 
generally a pretty fair barometer of 
forthcoming trouble. 


Stability 


The stability of hydraulic fluids in 
resisting oxidation and deterioration in 
a hydraulic system operating at above 
normal temperatures, frequently in the 
presence of condensation or water, is an 
important factor to observe in the appli- 
cation of the proper fluid. Even the 
finest petroleum products, refined by the 
best methods known to the industry, 
will oxidize and deteriorate rapidly 
under certain conditions. When sub- 
jected to elevated temperatures in the 
presence of certain metals, water, and 
moisture, all mineral oils undergo oxida- 
tion, the various hydrocarbons of which 
they consist breaking down to form 
non-lubricating products and corrosive 
acids. This deterioration is greatly 
accelerated when accompanied by high 
operating temperatures and/or pres- 
However, certain oils tend to 
oxidize more than others. 

There are in use throughout the oil 
industry a number of methods to deter- 
mine the resistance of an oil to oxida- 
tion. However, correlation of the re- 
sults obtained in the laboratory and 
actual service results have never proved 
an unqualified success. It can, however, 
be stated that generally speaking, al- 
though not always true, oils having nat- 
ural viscosity indexes obtained without 
index additives are more stable than 
those having lower indexes, or high in- 
dexes if obtained by the only presently 
known index additives. A further point 
worthy of mention in connection with 
stability is that the presence of air in 
the circuit brought about by cavitation, 
high velocities, jet effects, and other 
causes, will accelerate and aggravate 
the tendency to oxidize. Excessive oxi- 


sures. 
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dation is usually accompanied by in- 
creased acidity and sometimes a precipi- 
tation of resinous or asphaltic mate- 
rials known as sludge. This is particu- 
larly so in instances where abnormally 
high operating temperatures prevail. 


Miscellaneous Properties 


Among the miscellanevus properties 
of a hydraulic fluid, probably the most 
important is compressibility, partic- 
ularly so when considered from a cir- 
cuit performance standpoint. Little is 
heard of this compressibility angle, 
perhaps because there is so little known 
about it, certainly not because it is not 
of appreciable significance. There was 
for years a widely accepted rule of 
thumb definition of oil compressibility, 
stating that a column of oil 5 ft. in 
length would compress one-sixteenth of 
an inch under a pressure of 1,000 lb. 
per sq. in. Actual measurements have 
shown this assumption to be woefully 
wrong. The compressibility in the first 
place, varies considerably with tempera- 
ture and base origin of the oil. The 
so-called premium or Pennsylvania pa- 
rafin base oils having from 10 to 20 
per cent greater compressibility than 
the Mid-Continent and Coastal bases. 

In considering the practical effects 
of oil compressibility it must first be 
recalled that tool chattering, hydraulic 
hammer, poor control, are each closely 
related to this property of elasticity or 
compressibility. When one considers 
that an average well-refined widely 
sold hydraulic oil has a modulus of 
elasticity of 300,000 at normal operat- 
ing temperatures, the relationship as- 
sumes its proper importance. In other 
words, the average oil elasticity as 
scientifically calibrated is now known 
to be approximately 100 times greater 
than that of steel, which is commonly 
thought of as having a modulus of elas- 
ticity of 30,000,000. One must here 
bear in mind that the elasticity varies 
inversely as the modulus. 

Significant though, fluid compres- 
sibility has been with us all through 
the years and limited data pertaining 
to it have been published in the Inter- 
national Critical Tables. 

Field experiences consisting of per- 
plexing and hard to trace operating 


characteristics have resulted in recent 
investigations concerning comprtssi- 
bility and the successful development 
of remedial measures for overcoming 
the effects. 

In covering other miscellaneous 
properties, it should perhaps be point- 
ed out that the Flash and Fire Specifi- 
cations were purposely ignored because 
of the fact that flash and fire speciiica- 
tions are important chiefly in determin- 
ing the degree of refinement and care 
used in the production of crankcase 
oils. The operating temperatures in a 
hydraulic system should be controlled 
to levels sufficiently low as to minimize 
the effect of fire and flash as having an 
important bearing upon the overall 
operation. In addition to this, many 
hydraulic systems are operating on what 
is commonly termed a “closed circuit” 
wherein the oil is not subjected to the 
open atmosphere and therefore vola- 
tility, of which the flash and fire tests 
are a measure, is unimportant. 


Conclusions 


It is hoped that the equipment user 
and equipment engineer will realize 
that although there are many pitfalls for 
the uninitiated, the selection and proper 
application of hydraulic fluids is a 
practical and readily accomplished 
procedure. 

First, the manufacturer’s recom- 
mendations should be adhered to care- 
fully by the user. 

SECOND, in selecting the source for 
obtaining the correct fluid the reputa- 
tion and integrity of the supplier should 
be scrutinized closely. 

Tuirp, there are available at the 
present time a considerable number of 
excellent hydraulic oils and com- 
pounded fluids that fulfill every condi- 
tion covered herein. 

It is also unfortunately a fact that 
the subject of hydraulic fluids has not 
as yet been broadly nor sufficiently well 
understood to attain justifiable atten- 
tion. Yet throughout industry, there are 
few places where such appreciable in- 
creases in output and reductions in 
power consumption can be attained so 
readily and economically, as in the 
application of correct fluid medium to 
hydraulic power transmission systems. 


Current Quotations 


- “Tt is a fallacy to believe that we have reached the end of the road of 
progress. The frontiers of science and industry ahead hold promise of 
new jobs and new improvements in the standard of living surpassing 
even the progress of the past which has made this the most envied 
nation on earth.” —Dr. CHARLES F. KETTERING, V. P. in charge vj 


Research, General Motors. 
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Rock Island Arsenal Tank Designs 


Letter-Perfect, Say Chrysler Officials 


Rumors that mistakes necessitated redesign and delay of several 
weeks are false, say the engineers who are building the tanks 


RECENT RUMORS have it that when 
Chrysler Corporation engineers looked 
over plans for government-designed 25- 
ton tanks, they found so many mistakes 
they had to spend weeks correcting 
them before they could get set for pro- 
duction on defense orders. The truth of 
the matter, according to what Chrysler 
oficials recently told Propucrt Enci- 
NEERING, is that the government blue- 
prints were absolutely perfect. Chrysler 
oficials had nothing but the highest 
praise for the design work done at the 
Rock Island Arsenal, and stated that 
the tank was surprisingly smooth- 
riding. 

Birth of the rumor probably was in 
the fact that 197 Chrysler engineers 
worked for four weeks, plus overtime, 
to make a complete production study 





All-plastie airplanes, although pre- 
maturely publicized, are bound to “ar- 
rive” some day, the experts predict. 
Timm Aircraft Corporation recently got 
off to an early start when they an- 
nounced their “Aeromold” all-plastic 
training plane, pictured above, arousing 
considerable interest in the aircraft in- 
dustry. Army and Navy officials have 
been looking it over. The only reason 
why plastics have not been used more 
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of the tank. This work involved no re- 
design but confined itself to determina- 
tion of types of machine tools and 
equipment required, and plant layout. 

Blueprints of the tank received by 
Chrysler totaled 186 lb., and included 
more than 6,000 detail drawings and 
sub-assemblies. These blueprints, the 
only complete set, were immediately 
sent out to the pattern shop where each 
part was made of wood exactly to 
specifications, painted and lacquered. 
The finished parts were then sent to an 
assembly room where they were put to- 


gether. So accurate were the Rock 
Island blueprints that the complete 


assembly was made without even using 
a file on any of the parts. 

Design methods used at Rock Island 
Arsenal are such as to immediately 


extensively in fuselage and wing con- 
struction, according to authorities, is 
that engineers have not yet compiled 
enough stress data. The strength of 
laminated plastic airplane sections is 
not yet fully known, and will not be 
known until considerable more research 
has been done. Consequently the plastic 
plane designer, starting from scratch, 
must add a little more strength than is 
necessary in order to be on the safe side. 


catch and correct any errors in draw- 
ings. When the first set of blùeprints is 
completed, they are sent to the shop 
where parts are made under rigid in- 
spection, exactly to blueprint specifica- 
tions. These parts are then assembled 
and if any difficulty is encountered the 
blueprints are immediately checked. 

Necessary changes and corrections 
are made directly on the drawings, and 
corrected blueprints are then sent to 
the shop to have new parts made. No 
changes in parts are made except 
according to blueprint specifications. 
If a part doesn’t fit at first, the assem- 
bly man cannot file it down to a size 
which does fit, unless there is a blue- 
print specifying the changed dimen- 
sions. Thus, for every correct part or 
assembly, there must be a letter-perfect 
blueprint. 


Steam-Powered Airplane 
Still a Possibility 


STEAM POWER FOR AIRCRAFT is still an 
interesting possibility, many reliable au- 
thorities state. The first airplane ever 
to leave the ground was powered by a 
small two-cylinder steam engine built 
by Clement Ader in 1890 in France. 
Recent reports from Europe indicate 
that Germany is now hard at work per- 
fecting a steam power plant for air- 
planes, and in this country a small air- 
plane has been flying around under 
steam power for some years. 

Several years ago Besler Brothers 
built a light-weight steam engine using 
a continuous cold-type steam generator, 
and flew it successfully in a small bi- 
plane. This trial was merely experi- 
mental, and the condenser capacity was 
reported inadequate for full-throttle 
operation. Besler Brothers own many 
of the old steam automobile patents 
and have built several steam cars. 

In 1933, the now extinct Great Lakes 
Aircraft Corporation designed a steam 
airplane plant, using a special LaMont- 
type high pressure boiler. The boiler 
was to be located in the fuselage of the 
plane, with two 18x 36-in. turbines, 
turning at 22,000 r.p.m. and geared 
down to propellers rolling at 700 r.p.m., 
installed in the wings. Each turbine 
would turn out about 1,500 hp. LaMont 
claims to have solved the condenser. 

The Great Lakes airplane was never 
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built, but many of the paper-facts are 
extremely interesting. The fuel eff- 
ciency, based on weight, would have 
been about the same with this steam 
engine as with a comparable gasoline 
engine, in comparing high-heat fuel oil 
with high-octane gasoline. The plane, 
if ever built, possibly would have sur- 
passed the clipper ship of its day on 
pay load, speed, fuel economy, climb, 
and altitude. 

Steam flying may be only a pipe 
dream. At any rate, the gasoline engine 
has put the steam engine pretty much 
on the shelf. Gasoline engines are at 
their best on constant throttle, as in air- 
planes. Where the steam engines would 
really shine, the experts say, would be 
in automobiles, which require variable 
power. Development of steam power 
for airplanes in this country is now 
practically at a standstill. However, 
there is pressure continually being put 
on the government in an attempt to get 
some money from the Military for de- 
velopment. Aim of those who claim to 
be in the know is for a steam power 
plant which would be suitable for 
bombers and other large aircraft where 
power requirements are considerably in 
excess of 2,000 hp. Military experts are 
a bit doubtful about the advantages of 
steam power for airplanes. They are 
afraid that the condenser might freeze, 
or that bullet holes will cause consider- 
able trouble with this type of a system. 


Sound Film Describes 
Design of Steel Castings 


PRINCIPLES of steel casting design are 
brought out in an interesting and edu- 
cational manner in a new sound slide 
film available from the Steel Founders’ 
Society of America. The film runs for 
half an hour, and is described by the 
Society as containing probably more in- 
formation on this important subject 
than has been accumulated anywhere 
else. Various principles of design are 
simply and clearly brought out, using 
data contributed by members of the So- 
ciety. 


Thin Film of Barium 
Serves as Lubricant 


MOST EFFICIENT LUBRICANT for a special 
type of X-ray tube, in which the anode 
target is rotated at high speed, is a 
thin coating of metallic barium, report 
three General Electric engineers. In 


the high vacuum demanded by X-ray 


tubes, ordinary lubricants cannot be 
used since vaporization of the lubricant 
spoils the vacuum. 

The anode target in this X-ray tube 
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is rotated at about 3,560 r.p.m. by in- 
duction. In previous tubes, the bearings 
of this target were unlubricated. In 
research conducted by Zed J. Atless, 
Jack T. Wilson, and James C. Filmer, 
of General Electric X-Ray Corporation, 
it has been found that a number of me- 
tallic films have possibilities as lubri- 
cants in this application, but barium 
has proved to be the most successful. 
The metal is applied in a thin film on 
the steel ball bearings of the target by 
vaporization. After applying the barium 
film, the coasting time of the target was 
increased from 12 sec. to 8 min. Under 
normal operating temperatures of the 
X-ray load, the film will effectively 
lubricate for up to 100 hours. 


New Standards Published 
Covering Twist Drills 


TWIST DRILL SIZES, long a controversy 
between manufacturing and user 
groups, have finally been standardized, 
the American Standards Association re- 
ports. The new standards recommend 
the adoption of 116 drill diameters rang- 
ing from 0.0156 to 0.5000 in., inclusive, 
as standard. 

These drills are used throughout the 
mechanical industries from automobile 


Turbine steel rods, imprisoned in 
these furnaces for more than eight years 
as a part of General Electric’s investi- 
gations on creep strength, are here being 


checked over by engineers E. L. Robin- 
son and E. A. Smith. Creep strength of 


a given steel has recently been found 
to depend largely on grain structure 
through heat treatment, reports H. L. 
Weaver. For high creep temperatures 


manufacturers down to the smallest 
machine shop, and by the casual home 
mechanic. The recommended standard 
has been planned to fill all of the 
normal needs of these users. 


Do You Know That — 


V-BELT DRIVES using larger diameter 
sheaves develop higher speeds, require 
fewer grooves and fewer belts—there- 
fore may actually cost less than drives 
with smaller sheaves. (27) 


ARMOR PLATE for war tanks can be 
welded, but welding softens the heat- 
treated plate at the seams, leaving a 
veritable “Achilles heel.” Hitler didn’t 
find this out until he invaded Poland 
when the Polish army began to shoot 
holes through his welded tanks. (28) 


MACHINE PARTS may become slightly 
magnetized when the machine is run- 
ning because of mechanical impact and 
vibration which orient the molecules of 
the part in the earth’s magnetic field, 
Often these magnetized parts serve the 
useful purpose of removing minute but 
harmful iron particles from the lubri- 
cating oil. (29) 


the optimum grain size (size of ferrite 
grains, patches of pearlite or Widman- 
stiitten areas) is large, and for low 
temperatures the optimum grain size is 
small. Uniformity of grain is also im 
portant. This discovery explains why 


two steels of same analysis do not 
always have same creep strength, and 
will enable the designer to specify tur 
bine steels with more confidence. 
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Underground airplane plants and 
military and civil hangars are much in 


discussion. Washington engineers are 
doubtful about economic feasibility of 
earth bomb-proofing. One highly placed 
authority said that the underground 
space for a plane would cost many 
times as much as the plane itself, so you 
could lose a few ships by bombing in 
the open, and still be ahead. It is esti- 
mated by some that about 30 feet of 
earth would be necessary to protect 
against sizeable bombs. The weight of 
such a covering would require immense 
and expensive support. The Germans 
have some subterranean airplane works, 
but no one knows how many. 


2,000 or 3,000 airportsare wanted 
by the Administration and the Army 
and Navy, in addition to our present 
system of fields. Congress is consider- 
ing an appropriation of half a billion 
dollars for the purpose. Aviation is just 
learning that the biggest, best-planned 
air terminals can handle surprisingly 
few traffic movements. Therefore, if it 
became necessary to maneuver a force 
of 50,000 planes in this country there 
would be congestion. If we are to build 
thousands of ports, engineers say, we 
must find some way to use treated earth 
surfaces, except in major termini, be- 
cause hard runways are too expensive. 
Furthermore, port engineers say, the 
airplane designers will have to coopera- 
ate. So far they have designed for speed 
and fuel economy, giving little attention 
to quick takeoff. 


Graduate engineers who would like 
a defense job but whose training isn’t 
in the specialized lines now in demand 
should keep in touch with plans for a 
big program of short courses to be 
offered in engineering schools around 
the country. Idea is that a mechanical 
engineer, for instance, can take an in- 
tensive four-months course in aircraft 
engines and qualify for a job with a 
plane manufacturer. President has 
asked Congress for $9,000,000 to pay 
for the cost. No tuition will be charged; 
enrollment will be handled through the 
schools themselves. Each engineering 
school will offer courses in the special- 
hes needed in its neighborhood. Typical 
specialties in which shortages exist or 
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ENGINEERING IN WASHINGTON 
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are expected include: naval architects, 
ship draftsmen, and marine engineers; 
airplane structural, engine, and instru- 
ment experts; material inspectors and 
tool and machine designers. 


Invisible airplanes are being used 
by the British, the Nazis charge, so as 
to make anti-aircraft gunning difficult. 
The British reply that this charge is a 
poor excuse for bad marksmanship. 
Bureau of Standards experts confirm 
what you probably suspect: that there 
is no such thing as paint that will 
render a surface invisible. What the 
British did was probably a very skillful 
job of camouflage. It is possible to use 
color and line to conceal almost com- 
pletely an object in a given background. 
Trouble is, you can’t depend on the 
background staying the same, especially 
the sky. 


Aleohol motor fuel is an old story 
but it might be news some day. The 
Department of Agriculture’s new labo- 
ratory at Peoria, Ill., is going to work 
on industrial uses of corn, using the full 
time of 12 technicians. A complete al- 
cohol pilot plant is being installed. 
Last year the United States consumed 
22 billion gallons of gasoline. If ten 
per cent of that had been corn alcohol, 
900,000,000 bushels of corn would have 
been consumed. The trick, you see, is to 
pass some of the rich oil industry over 
to the farmer, who is not so rich. Fuel 
alky can be made of wheat, white and 
sweet potatoes, and other vegetation, 
too. It’s a big subject. You can learn 
more by writing to the Superintendent 
of Documents, Washington, D. C., for 
“Motor Fuel From Farm Products.” 


Radium control instruments, which 
will be valuable to radium and high- 
voltage ex-ray technicians, have been 
developed by Dr. Leon F. Curtiss, and 
others, in the Radioactivity Section of 
the Bureau of Standards. The trick is 
done through a circuit for integrating 
pulses from tube counters, designed by 


Dr. Curtiss. One instrument measures 


low gamma ray intensities down to the 
equivalent of 0.1 microgram of radium. 
The other is a dosage meter for gamma 
rays, measuring in terms of roentgens 
per day, and giving an audible alarm. 


Suicide beats, without suicide, are 
under experiment by the Navy. Chris- 
Craft shipped four “unsinkable” speed- 
boats to Navy, to be equipped with con- 
trols that can be actuated by radio from 
airplanes. It is understood the boats 
will go later to Langley Field, Va., 
laboratory of the National Advisory 
Committee for Aeronautics. The appar- 
ent intention is to turn these lethal 
mavericks loose with torpedoes aboard, 
and guide them to the target from aloft. 
Radio-controlled bombing targets would 
be valuable to the Navy, too. The boats 
have a top speed of 35 m.p.h. and are 
34 ft. long. 


Merchant ship building might be 
expected to be curtailed as the Navy 
gets under way with its vast construc- 
tion program. But officials of the Mari- 
time Commission tell Propuct Enet- 
NEERING that most commercial building 
is in yards that are not and will not be 
taking Navy work. Merchant bottoms 
that are now building in yards where 
Navy building is also in progress will 
be completed and no more will be laid 
down. They say that new ways can be 
added to commercial yards to take care 
of the Commission’s 50-ships-a-year pro- 
gram as planned. There are several 
World War yards still unused, but engi- 
neers figure that changes in construc- 
tion methods make it cheaper to build 
new yards rather than rehabilitate the 
old ones. 


Talk about tin will confuse a lot of 
folks from now on. Don’t feel inferior 
if you get mixed up yourself, because 
Washington is too. There are top-flight 
authorities who say our tin supply is 
safe enough, and we don’t need smelters 
in this country. Others think smelters 
are imperative. Some politicans are 
more interested in grabbing smelters 
for their home towns than in the real 
problem. There are few, if any, persons 
in this country who know how to smelt 
tin, so we have sent for foreigners who 
do. The fantastic (but somewhat doubt- 
able) tin king of Bolivia, Simon I. 
Patino, is here, dickering with the De- 
fense Commission. The smelting indus- 


try may build tin plants, or the govern- 
ment may build them. Best guess is 


that at least one plant will be built. 
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Motor Relay 
Consisting of a small reversible, 
geared head, shaded pole Barcol motor 
which tilts two mercury tubes, this new 
Motorelay permits throttling, floating, 
or proportioning control of a 5-amp. 
load from a sensitive instrument having 
a current rating as low as 0.35 amp. 
The tubes are arranged to give single 
pole, double throw operation, with 
spring return to a neutral “off” posi- 
tion. Chattering is eliminated because 
a momentary contact at the instrument 
is not sufficient to close the mercury 
tube switch. Particularly suited to float- 


ing or proportioning control of motors 
operating large dampers, large valves, 
speed adjusters, voltage regulators and 
similar equipment. Barber-Colman Co., 


Rockford, Ill. 


Heavy Duty Air-Cooled 


Engines 


Type VE-4 air-cooled gasoline engine 
delivers a maximum torque of 600 
in.-lb. at 1,600 to 1,800 r.p.m. and is 
rated at 20 hp. It is a V-type four- 
cylinder engine of compact design hav- 
ing a length of 24 in., height 23 in., 
width 21% in. overall. The engine has 
a 3-in. bore, 344-in. stroke, and weighs 
285 lb. The main bearings are Timken 
roller. Positive cooling is obtained from 
a large fan cast in the flywheel and 
efficient cooling is claimed even at ex- 
tremely high temperatures. Cylinder 
blocks are cast separate from the crank- 
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case. Removable valve seat inserts are 
used on both intake and exhaust. 
Major parts may be had of aluminum 
at extra cost with a reduction in weight 
of approximately 50 lb. Wisconsin 


Motor Corp., Milwaukee, Wis. 


Variable Displacement 
Pumps 


Two-way, three-position variable dis- 
placement pumps have internal pump- 
ing mechanisms for normal working 
pressure ratings of 1,100, 1,700 and 
2,500 lb. per sq.in. and for peak pres- 
sures up to 3,000 lb. per sq.in. These 
new heavy-duty, radial, rolling piston 
pumps are arranged for flange mount- 
ing to a separate reservoir base, or to a 
reservoir integral with the machine. 


They are equipped with built-in auxil- 
iary gear pumps which supercharge the 
high . pressure unit for operating the 
pump control mechanism and for auxil- 
iary purposes. Relief valves protect ma- 
chine and pump against overload. Elec- 
tric control makes it possible to reverse 
the direction of oil flow and also to 
select neutral position at will from a 
remote pushbutton or switch station. 
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Type DX displacement pumps are 
manufactured in conventional sizes from 
2 to 150 hp. Oilgear Co., 1301-1417 W. 
Bruce St., Milwaukee, Wis. 


Gasoline Motor 


Known as Model “ZZ”, this new 
4-cycle, air-cooled gasoline motor is 
rated at 6 hp. Piston displacement is 
22.97 cu. in., with a 3 x 31⁄4 in., bore 
and stroke. Specially designed dust- 
and moisture-proof, high tension, fly- 
wheel magneto supplies ignition. Other 
features include Silchrome exhaust 
valve with alloy steel inserted seat, 
inserted molybdenum alloy valve guides, 
specially designed float feed type car- 
buretor, adjustable mechanical gov- 
ernor, drop -forged counterweighted 
crankshaft, aluminum alloy pistons and 
connecting rods, pump and splash lu- 
bricating system, gasoline filter, oil- 
bath air cleaner, screened blower 
housing. Recommended speed range, 
as recorded in dynamometer tests, is 
6.15 hp. at 2,200 r.p.m., 7.20 hp. at 
2,700 r.p.m., and 7.70 hp., at 3,200 
r.p.m. Also available in a light-weight 
model, with many parts made of cast 
aluminum instead of cast iron. Briggs 
& Stratton Corp., Milwaukee, Wis. 


V-Belt Transmission 


Known as the All-Speed, this new 
speed selector operates on the variable 
pulley principle, and consists of two 
interlocking pulleys mounted on a com- 
mon shaft. The variable speed spindle 
can be pivoted laterally between the 
motor and the driven machine to pro- 
vidé new running diameters on the inter- 
locking pulleys. Selected speed is 
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maintained by means of a lock nut on 
the control quadrant, and the oblique 
slot which automatically and positively 
guides the spindle at all times insures 
perfect belt alignment and increases 
belt life. This is a distinct advantage 
when the control unit is mounted ver- 
tically. Special impregnated bronze 
bearings are used, with forced lubrica- 
tion provided at all times, Available in 
three sizes for 3@ in., A, and B belts, 
and in speed ranges up to 12-1. Stand- 
ard Transmission Equipment Co., 416 
W. 8th St., Los Angeles, Calif. 


Roller Plunger Actuator 
On Die-Cast Micro Switch 


Compact die-cast Micro Switch is 
now available with a roller type plunger 





and a sturdy castellated brass bushing 
which mounts the roller either longi- 
tudinally or cross-wise. Accurate con- 
centricity of the hardened and ground 
roller, which is carried on an oilless 
bearing, assures precision performance. 
Adjustment for actuation by cam or 
slide in either of the two castellated 
positions is quickly made by removal of 
the bearing screw. Micro Switch Corp., 
Freeport, III. 


Pump Mount Motor 


New line of motors with standard 
dimensions is designed for easy mount- 
ing of centrifugal and similar pumps. 
These motors are ball bearing with 
ratings from 1% hp. to 40 hp. for opera- 
tion on 3-phase current at two, four 
and six pole speeds. Extended shafts 
and machined fits for the pump mount- 
ing are all standard and the same 
dimensions throughout the entire range 
of ratings. A large neoprene washer on 
the shaft between the pump packing 
and motor bearing, together with an in- 
genious trough cast around the bearing, 
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make it impossible for any of the ma- 
terial pumped by the unit to find its 
way into the motor bearing. Projecting 
shaft is covered with a hard stainless 





steel tube which is ground and polished. 
All units are carefully checked so that 
perfect alignment is assured. Sterling 
Electric Motors, Inc., Telegraph Rd. at 
Atlantic Blvd., Los Angeles, Calif. 


Drum Type Master Switch 


This new drum type master switch, 
for 3-wire control on machine tools and 
other equipment, affords functions 
equivalent to two and three button 
heavy duty push button stations. By 
removing a stop post, the drum can be 








converted from non-reversing to revers- 
ing. Available for surface, cavity, or 
panel mounting, and with standard or 
pistol handle grip. Ratings are for 
pilot circuits up to 600 volts a.c. and 
d.c. Cutler-Hammer, Inc., 315 N. 12th 
St., Milwaukee, Wis. 


Pressure Switch 


Automatic pressure responsive switch 
opens or closes an electrical circuit 
under predetermined low or high pres- 
sure conditions. Designed for service 
on non-corrosive liquids or gases, these 


< 


switches are fitted with Durakool mer- 
cury tubes which are inclosed in an un- 
breakable steel shell covered with Bake- 
lite. False stops and starts caused by 
chattering are eliminated by a quick 
yet gentle tripping action imparted to 
the tube. Diaphragm is of pure gum 
rubber with duck insert for additional 
strength. Cut-in pressure ranges from 


10 to 40 lb. per sq.in. cut-out pressure 
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ranges from 20 to 70 lb. per sq.in. 
Pressure between cut-in and cut-out is 
variable between 10 lb. per sq.in. and 
60 lb. per sq.in. Center & Giveen Co., 
2024 University Ave., Berkeley, Calif. 


Iron Powder 


Iron Powder which is the equivalent 
of Swedish iron powder is now avail- 
able as an American material. Because 
of the European situation, the supply of 
Swedish powder has been greatly re- 
duced. In fact. none has come through 
for some months, so that the production 
of this important product here in Amer- 
ica has become vital to this country’s 
self-sufficiency. Metals Refining Co.. 


Div. of Glidden Co., Hammond, Ind. 


-= Coil Bobbin 


Permitting the use of smaller and 
more efficient bobbin coil rather than 
larger layer wound coil, these new bob- 
bins are made of either Kraft or Fish 
paper, or a combination of both, de- 
pending on the requirements. The 
flanges are of vulcanized fiber, die-cut 





to exact size and shape and pressed 
over the ends of the spirally wound 
tubes. Ends of tubes are swaged, locking 
the flanges in place. The bobbin is im- 
pregnated with a special lacquer which 
increases its strength and forms a seal 
between the tube and flange. Available 
in round, square or rectangular bobbins 
of any size with a high degree of accu- 
racy. Precision Paper Tube Co., 2033 
Charleston St., Chicago, Ill. 


Water-Lubricated Bearing 


Perfected for use in deep well ver- 
tical pumps, the pump shaft in a new 
type water-lubricated bearing is ar- 
mored with chromium plating to a 
thickness of 0.003 in. over a Monel 
stainless sleeve every 10 ft. These sec- 
tions of the shaft rotate within resili- 





ent cutless rubber journals which are 
fluted. Any sand in the water flushes 
through the bearing. Because of the 
extreme hardness and thickness of the 
chrome coating, and its bearing con- 
tact with cutless rubber, no abrasion 
occurs. Peerless Pump Co., 301 W. 
Ave., 26, Los Angeles, Calif. 


Leather “U” Packings 


Designated Double “U” because they 
are doubly reinforced against wear on 
the contact leg and against pinch from 
excessive clearance, these new packings 
are available in section sizes from ¥ in. 
to % in. for any plunger diameter from 
9 in. to 90 in. Can be reinforced with 
any adaptable material over the “U” 
packing base, standard reinforcement 
being tough chrome tanned belting 





leather backed by oak tanned belting 
leather. Patented phosphor bronze 
spring spacer maintains a light pres- 
sure against the inside of the bevelled 
contact lip near its pressure edge, in- 
suring a primary seal until the packing 
lips can be set to the plunger surface 
under pressure. White oak spacer is 
steam bent to the packing channel, ex- 
tends beyond the packing lip, and serves 
by its contact with the end of the pack- 
ing recess to hold the packing in posi- 
tion. Wayne Davies Packings, Inc., 325 


W. Huron St., Chicago, Ill. 


Magnetic Oil Filter 


Powerful magnetic separator for use 
on lubricating and hydraulic oil sys- 
tems, uses permanent magnets to ex- 
tract minute iron particles that would 
pass through ordinary oil filters. The 
new filter, which permits an unob- 
structed flow of lubricant, consists essen- 
tially of a two-piece case in which is 
mounted two powerful Nipermag mag- 
nets. Between these magnets and within 
a bronze tube which directs the flow of 





oil, are a series of grids made of a high 
permeability alloy. Magnetic particles 
of iron flowing into the filter are held 
either on the magnets themselves or on 
the large grid area. Cleaning is accom- 
plished by disassembling and washing 
in kerosene, an operation which is 
greatly facilitated by the fact that the 
grids become non-magnetic when re- 
moved, thus permitting easy removal of 
iron particles. Known as the Ferro Fil- 
ter, this new device has found extensive 
use during the run-in period of engines, 
and is also adaptable for cleaning lubri- 
cating oil in reduction gears and in cer- 
tain ceramic applications. S. G. Frantz 
Co., 161 Grand St., New York, N. Y. 


Spring Leaf and Roller 
Actuator on Mu-Switch 


Comprising a strong phosphor bronze 
leaf spring securely riveted at one end 
to the Mu-Switch cover, and having at 








its free end a 3% in. x 14 in. roller made 
of graphite-impregnated, canvas-base 
bakelite, this new style actuator adapts 
the Mu-Switch to high-speed cam opera- 
tions. The self-lubricated roller permits 
extremely close bearing tolerance with 
resulting accuracy of cam-controlled 
action, and gives quiet operation and 
freedom from wear or scoring of the 
operating cam. Type W actuator gives 
protection against over travel, and is 
claimed to have long life under condi- 
tions of high speed and high tempera- 
ture. Mu-Switch Corp., Canton, Mass. 


Portable Rectifier 


Designed especially for testing pur- 
poses, this new model SP-20 rectifier 
utilizes two mercury vapor tubes to ob- 
tain full wave rectification of single 
phase a.c. Output voltage can b 
adjusted by means of knobs on the front 
panel in steps of 32, 110, 115, 120, 210, 
225, and 240 volts. Current capacity is 
30 amp. at 32 volts d.c.; 20 amp. at 
other voltages. Output voltage remains 
practically constant from no load to 





25 per cent overload. The rectifier con- 
tains no moving parts. Tubes have long 
life and operate at high efficiency. Sup- 
plied with or without a filter choke. 


Mellaphone Corp., Rochester, N. Y. 
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Electric Counter 


Small, compact electric counter, 
known as the Mercury counter, requires 
only 2 watts operating energy, which in- 
sures long life of switch contacts and 
makes the instrument particularly suited 
for photo electric eye operation. 
Tamper-proof construction, non-reset 


feature, totally inclosed assembly, small 
size, convenient mounting, and attractive 
Mercury 


appearance make counters 





ideal for built-in applications. Case and 
frame are cadmium-finished steel with 
unbreakable plastic windows. Large 
white figures on black wheels are lo- 
cated close to the window for easy read- 
ing. Tested at 600 counts per min. Pro- 
duction Instrument Co., 702-10 W. 
Jackson Blvd., Chicago, Ill. 


Tungsten Contacts 


Electrical contact points made from 
fused pure tungsten metal feature uni- 
formity in grain structure which elimi- 
nates any excessive oxidation or pitting 
during operation periods. The purity of 
this metal prevents film coatings from 
adhering to contact surfaces during the 
time when apparatus is not operating 
or during shut-down intervals. Electrical 
contact surface resistance is maintained 
at a minimum and long service opera- 
tion is assured. Metroloy Co., Inc., 57 


E. Alpine St., Newark, N.J. 


Small Rotary Pumps 


Small rotary pumps are a new de- 
velopment for light industrial applica- 
tions and for laboratory use. For pump- 
ing different kinds of liquids, the pumps 
can be furnished in various alloys. They 
are efficient, run extremely quietly, and 
are coupled with a shaded pole type 
electric motor, which gives trouble-free 
continuous service. The sump style of 
pump, built integrally with motor, for 
use when located in sump well of oil, has 
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dimensions of 44% x 3% X 4 in. The 
gland style of pump, with flexible self- 
aligning coupling between motor and 
pump proper, has ground pump shafts, 





large bearing surfaces, aluminum 
alloy housing, stainless steel impeller 
blade and shaft, and has dimensions of 
8 x 4x 3% in. Speedway Mfg. Co., 
1834 S. 52nd Ave., Cicero, Ill. 


High Torque Motor 


New high torque capacitor motor, 
with the necessary capacitors and cen- 
trifugal switch mounted within the 





motor brackets, eliminates additional 
mounting and wiring costs. Waste 


packed sleeve bearings and dual volt- 
age leads are standard and the entire 
unit is of the protected type of design. 
Known as Type CJ motor, it is available 
from 34 to 3 hp. inclusive. Westinghouse 
Electric & Mfg. Co., East Pittsburgh, 
Pa. 


Shaded Pole Motors 


New line of shaded pole motors, in 
pressed steel frames, is available in two 
frame sizes, with capacities ranging 
from approximately 1/400 to 1/25 hp. 
Frames are of pressed steel and are 
equipped with  self-aligning, wool- 
packed, oil impregnated bearings and 
surrounding oil retaining washer. Motor 
design includes a covered bearing in 
the back cover, which has a fibre thrust 
plug to absorb the thrust action of the 
shaft. The small frame is furnished with 
a detachable strap base and the large 
frame can be furnished with rigid saddle 





base or resilient hub mounting. All 
ratings can be furnished without base, 
with extended through-bolts for stud 
mounting. Emerson Electric Mfg. Co., 
St. Louis, Mo. 


Hammertone Finish 


Finishes resembling hammered sil- 
ver, copper, bronze, and other orna- 
mental metals can be applied to prod- 
ucts made of any kind of metal or 
molded plastics by the use of a new 
type of finish known as Hammertone. 
In finishing a surface, a base coat of 
the desired color is sprayed on first. 
This is immediately followed by a spat- 
ter coat of Hammertone liquid, pro- 
ducing the hammered pattern in the 
base coat. The product is then baked at 
medium heat for one hour, producing 
a lustrous metallic finish that is very 
tough and durable. Maas & Waldstein 
Co., 438 Riverside Ave., Newark, N. J. 


Gear Shift Motor 


Automotive gear shift provides for 
instant interchangeability in speed with- 
out shifting any belt. It is built as an 
integral part of the motor and also as 
a gear shift drive which can be used 











with any standard motor. The gear 
shift gives three shifts forward and 
one reverse, or four speeds forward. 
The complete motor and gear shift 
mechanism can be installed on lathes, 
milling machines, jointers, planers, drill 
presses, grinders and other machines to 
eliminate counter-shafts and the costly 
nuisances of central power drives. 
Lima Electric Motor Co., 440 N. Main 
St., Lima, Ohio. 


Bow Pencil Compass 


Open truss design of this bow pencil 
compass makes possible the construc- 
tion of a large compass with a 40 per 
cent reduction in weight. Instrument is 
constructed of steel, except for the cen- 
ter screw thumb-piece and the handle, 
which are of Dural. The center screw 





articulates with the legs through cylin- 
drical nuts. Legs bear upon a double- 
grooved hinge pin of broad base, in- 
suring strength and perfect alignment. 
Compass measures 6) in. in length and 
will describe circles up to 10 in. in 
diameter. V. & E. Engineering Co., 758 


South Fair Oaks Ave., Pasadena, Calif. 


Wedge Wire 


Wedge wire, wedge-shaped or under- 
cut bars formed integral with solid 
heavy loops spaced at definite intervals, 
formerly available only from Europe, 
are now being made in this country. 
These “loop-bar” strands are securely 
fixed in grid form by strong cross rods 
which are firmly riveted or bolted in 





place. Such construction gives depend- 
able accuracy, strength and uniformity 
for high capacity sieve and screen appli- 
cations. Can be made in practically 
any metal. Wedge Wire Corp., 5200 
Harvard Ave., Cleveland, Ohio. 
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Manufacturers’ Publications 








Materials 


MEEHANITE—Meehanite Research Insti- 
tute of America, Inc., 311 Ross St., Pitts- 
burgh, Pa. Bulletin 9, 16 pages, 83x11 
in. Sets forth engineering properties of 
Meehanite castings, and describes appli- 
cations of the metal in machine tools. 


NEoprRENE—Rubber Chemicals Div., E. I. 
du Pont de Nemours & Co., Inc., Wilming- 
ton, Del. Motion picture, with sound, 20 
min. long. Shows how neoprene is made, 
explaining its chemical formula by means 
of animated cartoons. It also shows inter- 
esting tests of the material. 


STAINLESS TusrING— J. Bishop & Co. 
Platinum Works, Stainless Steel Products 
Div., Malvern, Pa. Bulletin, 8 pages, 
83x11 in. General description of Bishop 
stainless steel seamless tubing. Mechani- 
cal, capillary, and hypodermic needle tub- 
ing are covered. 


Wire Propucts—Allegheny Ludlum Steel 
Corp., 2319 Oliver Bldg., Pittsburgh, Pa. 
Blue Sheet, 8 pages, 84x11 in. Gives com- 
plete specifications for all types of Alle- 
gheny metal wire products. Principal 
uses, analysis and types available are 
listed. 


Z Metrat—Ferrous Metals Corp., 444 
Madison Ave., New York, N. Y. Catalog, 
10 pages, 84xll in. Lists commercial 
applications, composition, physical, metal- 
lurgical and mechanical properties of Z 
Metal, a ductile alloy cast iron. 


Mechanical Parts 


BLower WHEELS — Advance Aluminum 
Castings Corp., 2742 W. 36th P1., Chicago, 
Ill. Catalog, 80 pages, 9x74 in. describes 
complete line of “Castalu” fan wheels, 
including many performance charts and 
tables showing the capacities of different 
size fans. 


Bronze Busuincs—Atlas Brass Foundry, 
Inc., Los Angeles, Calif. Catalog 30, 64 
pages, 84x11 in. Stock listings of bronze 
bushings, bearings, and rough and finished 
stock. Bearings made to specifications are 
also listed, as are many other Atlas bronze 
specialties. 


ComPRESSION Fittincs—Hays Mfg. Co., 
Erie, Pa. Bulletin Section 3, 28 pages, 
83x11 in. Sets forth features of Hays 
Double-Seal fittings for copper pipe. Re- 
sults of extensive tests made on this type 
of fitting are reported, and available types 
are listed. 


FLEXIBLE Couptincs— Ajax Flexible 
Coupling Co., Westfield, N. Y. Data 





Book, 20 pages, 84x11 in. This handbook, 
planned for design engineers, gives data 
on horsepower, speeds and torque ratings, 
as well as dimensional specifications on 
forged steel and cast iron couplings. 


PuLLeys—Boston Gear Works, Inc., Han. 
cock & Hayward Sts., North Quincy, Mass, 
Bulletin, 8 pages, 84x11 in. Illustrates, 
gives dimensions, diagrams and complete 
engineering data for pulleys, shaft sup. 
ports, and couplings of the Hardware 
Products Co. 


RuspsBer Mountinc—Lord Mfg. Co., 1639 
W. 12th St. Erie, Pa. Bulletin 103, 
84x11 in. Describing “V-S” plate form 
bonded rubber mounting, this bulletin 
gives data as to dimensions, loads, styles 
and methods for choosing flexibility for 
a shock absorber. 


V-Bett Drive—Allis-Chalmers Mfg. Co., 
Texrope Div., Milwaukee, Wis. Bulletin 
B-6051-A, 16 pages, 83x11 in. Presents 
facts and data essential in estimating 
costs, types and sizes of V-belt drive 
equipment to buyers in every industry. 
Complete sheave information is included. 


Electrical Parts 


EvectricaL Contactrs—Gibson Electric 
Co., 8350 Frankstown Ave., Pittsburgh 
(21), Pa. Catalog C-10, 16 pages, 84xl1l 
in. Comprehensive discussion of electrical 
contacts and contact materials. Features 
of Gibsiloy contacts are set forth, and 
many engineering diagrams show shapes 
available and mechanical applications of 
contacts, 


Heating Units—Watlow Electric & 
Mfg. Co., 1319 N. 23rd St., St Louis, Mo. 
Catalog, 22 pages, 9x113 in. Giving many 
illustrations of applications of Watlow 
units, this catalog lists complete line of 
cartridge, strip and immersion units and 
temperature controls for heating units. 


Miscellaneous 


Encıne Inptcators—Bacharach Indus- 
trial Instrument Co., 7000 Bennett St. 
Pittsburgh, Pa. Bulletin 279, 4 pages, 
8x104 in. Sets forth features of the 
Type 2-CP engine indicator for use on 
medium and moderately high speed en- 
gines. Bulletin 281, 4 pages, 8x10% in. 
Type 4-HS engine indicator for indicating 
high speed engines. 


Locatizeo Licutinc—Fostoria Pressed 
Steel Corp., Fostoria, Ohio. Catalog 
ML-25, 24 pages, 4x84 in. Catalogs 
Fostoria lighting fixtures which are suit- 
able for localized lighting, and illustrates 
numerous applications of each. 
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WRENCH CLEARANCES 


T. B. JEFFERSON 


THE SELF-EXPLANATORY TABLES given on las, and have been found by experience Standards Association. As a result of 
these pages tell at a glance the size of to be of great help to design engineers. the adoption of these newer standards, 
the wrench-head, the clearance and All dimensions are based upon the the American Standard Regular has re- 
spacing requirements, and fillet radii newer American Standard Bolt and Nut placed that series of bolts and nuts 
necessary for any given size of bolt up dimensions, approved by the American formerly known as “Manufacturers 
to 3 in. in diameter. These tables have Institute of Bolt, Nut and Rivet Manu- Standard,” “American Budge Stand- 
been calculated from approved formu- facturers and adopted by the American ard,” etc., while the “U. S. Standard” 


Table I—Open End Wrenches; Dimensions, Clearances and Bolt Spacing* 
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11/8 1 13/16 1 3/64 1 13/64 1 23/64 2 13/32 2 7/64 1 1/4 3 23/32 
1 1/4 2 l 5/32 1 21/64 l 1/2 2 21/32 2 21/64 1 3/8 t 7/64 
1 3/8 2 3/16 1 17/64 1 29/64 1 41/64 2 29/32 2 35/64 11/2 $ 1/2 
11/2 2 3/8 1 3/8 1 37/64 1 25/32 3 5/32 2 49/64 1 5/8 1 57/64 
1 5/8 2 9/16 1 31/64 1 45/64 1 59/64 3 13/32 2 63/64 1 3/4 5 9/32 
1 3/4 2 3/4 1 19/32 1 27/32 2 3/32 3 11/16 3 13/64 1 7/8 5 43/64 
1 7/8 2 15/16 1 11/16 1 61/64 2 7/32 3 29/32 3 27/64 2 6 1/16 
2 3 1/8 1 13/16 2 3/32 2 3/8 1 3/16 3 21/32 21/8 6 29/64 
21/8 3 l 2 2: 1 27/64 3 7/8 21/4 6 27/32 
21/4 3 2 2 22 1 11/16 t 3/32 2 3/8 7 15/64 
21/2 3 2 2 2 5 5/32 1 33/64 2 5/8 8 1/64 
2 3/4 1 2 2 3 5 21/32 4 61/64 2 7/8 8 51/64 
3 4 2 3 3 6 SA 5 25/64 3 1/8 9 9/16 











October, 1940 


WRENCH CLEARANCES (Continued) 


series have been replaced by the Ameri- 
can Standard Heavy. 

Since some wrench manufacturers 
prefer to make small wrench sizes with 
American Standard Heavy wrench di- 
mensions, all dimensions given in this 
article are based upon the short diame: 
ter of the nut for the American Stand- 
ard Heavy series. In practice bolt heads 


are made to American Standard Regu- 
lar dimensions. Nut dimensions for 
bolts up to 1%g in. are American Stand- 
ard Regular, 13 in. and 11% in. nuts may 
be either American Standard Regular 
or Heavy, and for bolt diameters over 
14% in. the nuts are dimensioned in 
accordance with the American Standard 
Heavy series. 


The data given in this article is suff- 
cient to solve almost any bolt spacing 
problem, without resorting to the appli- 
cation of formulas. In general, it 
should be noted that the use of socket 
wrenches permits closer bolt spacing, 
but necessitates the specification of 
larger wall clearances than is called 
for by the use of open end wrenches. 


Table IH—Socket Wrenches; Wrench Clearance and Bolt Spacing 
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(See Note a) 


No mei mi i 


— m a 
SNNN 

on e 
pe i i p j 


l 3 | 
l 3 l 
l | l 
I 1 2 
2 | 2 


whoto toto 
Nnauvuusv 
Who bo to bo 


FILLET 
Rapius 
FP ae. 


Cove wr 
N — = — 


who to tote 


woe -1-+) 


PRODUCT ENGINEERING + 


EDGE 
DISTANCE 
D IN. E=A+1/8 


CLEARANCE 
F 1N. 
(See Note b) 
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G = 2A + 1/4 
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Note (a) 


D 
D 


iin 


3.0 A for bolts 1/2” in dia. or less 
2.8 A for bolts from 5/8” to 7/8” 
2.6 A for bolts 1” to 11/8" in dia. 
2.4 A for bolts from 1 1/4” to 3” 
2.3 A for bolts above 3” in dia. 


D 
D 


5 E for bolts 1/2” in dia. or less. 
33 E for bolts from 5/8” to 7/8’ 
1.2 E for bolts above 1” in dia. 


») 
l. 
E. 


Note—Formulas from which these radii are calculated are: 


r 
r 
r 
r 
r 


0.50 A for bolts 7/8” in dia. or less. 

0.45 A for bolts from 1 1/8” to 1 3/8” in dia. 
0.42 A for bolts from 1 5/8” to 1 3/4” in dia. 
0.33 A for bolts from 2 1/4” to 2 3/4” in dia. 
1 1/8” for bolts from 3 1/4” and above in dia. 


For bolt sizes not included above use r for next smallest size bolt. 
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Ford Motor Company 


AUTOMOBILES OF 1941 


AUTOMOTIVE ENGINEERS have made many significant changes in the new cars with reference to improved en- 
gine performance, stronger frames, improved rubber mountings and new automatic transmissions. Among 
the new outstanding developments is the new Nash 600, an all welded car designed on the aircraft principle 
of using the body as a load-carrying member. With this type of construction, Nash engineers were able to 
reduce dead weight 500 lb. and produce a standard-size, high-economy car which could be sold in the low- 
price range. Chrysler engineers have adopted 0.004 in. babbitt bearings throughout their entire line. Buick 
has an extremely thin babbitt bearing, with babbitt thickness of 0.002 in. Bearing has a powder metal matrix. 

Hydraulic couplings and automatic transmissions are being used more widely. The hydraulic coupling, 
last year available on the Chrysler Imperial, is now optional equipment on all Chrysler, Dodge and DeSoto 
cars. A semi-automatic, four-speed transmission which operates in conjunction with a hydraulic coupling, has 
been designed for the Chrysler six and DeSoto. 

“Torpedo” styling is found on almost every line; in some cases, to accommodate the wider bodies, rear 
treads have been increased up to 24 in. General Motors cars are using considerable more chromium trim this 
year, and running boards on most cars are concealed. 

Increased use of plastic is noted, particularly with reference to injection-molded cellulose acetate. The 
light-carrying properties of acrylics are used to illuminate the speedometer needle of Packard and Chrysler 
cars, and the Hudson instrument panel. Extruded plastic trim is found on Ford, Mercury and Zephyr. 

Additional horsepower and torque have been obtained without increase in size by refinements in en- 
gine design. For instance, combustion chamber and piston head contours have been changed to obtain higher 


compression of the new high-octane fuels. Buick has developed an interesting carburetion set-up, utilizing 
two dual carburetors and dual manifolds. Called compound carburetion, the scheme allows the engine to 
operate on one carburetor during medium-speed and low-speed driving. For wide-open speed and quick 
acceleration, the linkage is designed so that the second carburetor automatically cuts in. With this device, 


engine horsepower can be stepped up from 115 to 125, with gasoline consumption considerably decreased. 





Chrysler AUTOMATIC DRIVE| 


DRIVING EASE, together with reduction 
of transmitted torsional vibrations and 
shocks and increased life in driven 
parts, has led to more and more wide- 
spread public acceptance of the fluid 
coupling in the automotive field. Op- 
erating on a fixed one-to-one torque 
ratio and mounted directly on the en- 
gine crankshaft. this coupling was first 
used in motor cars on the English Daim- 
ler in 1928. Known as the fluid drive, 
it was first offered in this country by 
Chrysler in its 1939 Imperial line. The 
notable success and wide public accept- 
ance of the device both from the engi- 
neering and customer angles has led 
to its adoption on 1941 Chrysler, De- 
Soto and Dodge models. 

The history of the hydro-kinetic 
power transmitter dates back to the 
early 1900’s when Dr. Fottinger de- 
signed for the Vulcan Company a hy- 
draulic torque transformer which was 
used between a marine steam turbine 
and propeller. It had five-to-one reduc- 
tion and an efficiency of 85 per cent. 
With the development of less expensive, 
more efficient helical-gear reducers this 
torque transformer was displaced. Dr. 
Bauer of the same company later 
redesigned it, producing a two-element 
transmitter operating on the Fottinger 
principle and furnishing one-to-one 
torque ratio. It was this coupling that 
Harold Sinclair of Isleworth, England, 
modified in 1928 for use with internal 
combustion engines. 

A conventional manually operated 
clutch is usually retained with the fluid 
coupling plus an auxiliary transmis- 
sion. Although the coupling permits 
almost complete operation of the car 
in high gear, the clutch is provided 
for selection of first and second for 
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Vacuum-Operated, Four-Speed Transmission 


Combined with Fluid Coupling 


starting on hills, for quick acceleration 
and for reverse. 

Early experience with fluid drive 
and with the development of automatic 
shifting on transmissions led Chrysler 
Corporation to its latest development 
for 1941. This new transmission rep- 
resents a step in the gradual evolution 
from the old three-speed gear box with 
its “wiggle stick” through the auto- 
matic overdrive and remote control 
gear shift stage to its latest develop- 
ment. During this evolution, however, 
Chrysler Corporation engineers have 
presented successive models of trans- 
missions in such a way that the driver 
of new models found himself able to 
handle each new transmission with 
ease and without acquiring a complete 
new set of driving habits in order to 
control his automobile with the mini- 
mum of effort. 

Selection of the proper gear ratio for 
driving conditions is done automatically 
in the new Chrysler Six Vacamatic 
and DeSoto Simplimatic drive, which 
has four forward gear ratios: in the 
“low” range, 3.07 to 1, and 1.98 to 1 
ratios; in the “high” range, 1.55 to 1, 
and 1 to 1 ratios. The proper ratio in 
the manually selected range is auto- 
matically chosen by a vacuum-operated 
linkage electrically interlocked with the 
accelerator and transmission governor. 
The Oldsmobile Hydramatic transmis- 
sion, which was described in P.E. 
Nov. 1939, pages 466-469, utilizes a 
fluid coupling operating in conjunc- 
tion with a planetary transmission. 
Hydraulic cylinders and a governor 
automatically select one of four gear 
ratios according to speed and load. 

The new Chrysler underdrive trans- 
mission, in conjunction with a fluid 


drive unit, allows the driver to do 98 
percent of his driving with the shift 
lever in the “high” position, without 
the necessity of depressing the clutch 
pedal or of shifting the gearshift lever, 
There is no need to shift gears or tire 
the left foot with excessive clutch pedal 
operation. When the car reaches a speed 
of between 15 and 17 mi. per hr. or 
higher, momentary release of foot pres- 
sure on the accelerator pedal allows the 
transmission to shift automatically into 
cruising gear, in which engine speed is 
reduced. Depression of the accelerator 
pedal past the wide-open position 
causes the transmission to shift auto- 
matically into a lower gear; it will 
again shift automatically into cruising 
gear when the accelerator is momen- 
tarily released. 

For climbing steep hills and for driv- 
ing in sand, gravel, and rough terrain, 
“low range” is selected by moving the 
shifting lever manually to the position 
normally occupied by second speed in 
the conventional transmission. In this 
“low range”, the car is in first speed 
when starting and shifts automatically 
to setond speed as the accelerator pedal 
pressure is momentarily relaxed with 
car speed above approximately 8 mi. 
per hr. A “step-down” feature allows 
the transmission to be shifted auto- 
matically from second to first speeds 
by pressing the accelerator pedal past 
the wide open throttle position. The 
action in “stepping down” to a lower 
gear with the underdrive transmission 
is exactly the same as in a car equipped 
with overdrive transmission, insofar as 
the driver controls are concerned. Re 
verse is selected as with a conventional 
transmission. With this transmission 
two reverse ratios are available. 
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Cress-sectional view of the fluid 
drive unit, clutch, clutch housing, and 
underdrive transmission. The fluid drive 
unit is bolted directly to the crankshaft, 
and a conventional type plate clutch is 
attached to the output member of the 
unit; this in turn rotates the drive 
pinion of the transmission which meshes 
with the free-wheeling gear on the 
countershaft. This gear drives, through 
free-wheeling unit, the cluster gear, the 
countershaft third speed gear, the 
countershaft low speed gear, and the 
countershaft reverse gear. The main- 
shaft third speed gear, mounted on the 
mainshaft on roller bearings, may be 
directly clutched to the drive pinion by 
means of a synchro-clutch sleeve. The 
mainshaft third speed gear may be di- 
rectly coupled to the mainshaft by slid- 
ing the sleeve of synchronizer forward 
ito engagement with the clutching teeth 
of the mainshaft third speed gear. The 
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hub of manual synchronizer is splined 
to the mainshaft, and this synchronizer 
serves also to couple the mainshaft low 
speed gear to the mainshaft when the 
sliding sleeve is moved mackward so 
as to engage the clutching teeth on 
mainshaft low speed gear. Mainshaft 
reverse gear is splined to the mainshaft. 
Reverse idler gear, mounted on an indi- 
vidual shaft, may be manually moved 
into mesh with the countershaft re- 
verse gear and the mainshaft reverse 
gear. Speedometer-drive gear is splined 
to the mainshaft and meshes with a 
speedometer drive pinion mounted in 
a retainer bolted to the transmission 
case. Governor drive gear, cut integral 
with the cluster gear, meshes with the 


governor drive pinion. 

The synchro-clutch, which engages 
when an automatic shift is made from 
first to second, or from third to fourth 
speeds, couples drive pinion with main- 





‘--Countershatt reverse gear 


‘--Countershatt low-speed gear 


‘--Governor drive gear 


shaft third speed gear. Clutch sleeve 
is splined to mainshaft third speed gear. 
Synchro-clutch blocker ring is mounted 
between mainshaft third speed gear and 
drive pinion in such a manner as to 
prevent the forward movement of syn- 
chro-clutch sleeve into engagement with 
clutching teeth on the rear end of 
drive pinion until the two parts have 
come to the same speed of rotation. In 
order to accomplish this “blocking” 
action, and prevent the engagement of 
the sleeve with the drive pinion clutch- 
ing teeth, the blocker ring rotates a 
sufficient amount, with respect to third 
speed gear, to cause the ends of the 
teeth on sleeve to butt with the teeth 
on the outside of blocker ring at 
all times when the drive pinion and 
the mainshaft third speed gear are not 
rotating at the same speed. Synchron- 
izer is type used on 1940 Chrysler cars. 

(Continued on next page) 
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Centrol system of the underdrive 
transmission engages and disengages 
the synchro-clutch through the action of 
mechanical, electrical, and vacuum 
units. By means of this system the 
transmission in the “low range” shifts 
automatically from first to second 
speeds at car speeds above approxi- 
mately 8 mi. per hr. when the driver 
momentarily lifts his foot from the 
accelerator pedal; shifts automatically 
from second to first speeds when the 
car speed drops below approximately 
7 mi. per hr.; shifts from second to 
first speeds when the driver depresses 
the accelerator pedal past the wide 
open position at car speeds below ap- 
proximately 27 mi. per hr.; in the “high 
range” shifts automatically from third 
to fourth speeds at car speeds above 
15 to 17 mi. per hr. when the driver 
momentarily lifts his foot from the 
accelerator pedal; shifts automatically 
from fourth to third speeds when the 
car speed drops below 13 to 15 mi. per 
hr.; shifts from fourth to third when 
the driver depresses the accelerator 
pedal past the wide open position at 
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car speeds below approximately 53 mi. 
per hr. 

The control system vacuum unit as- 
sembly is mounted on the right side of 
the transmission. It contains the kick- 
down solenoid and the ignition inter- 
rupter switch. The governor assembly, 
mounted in the right side of the trans- 
mission case, contains the governor 
switch. The throttle kick-down switch, 
located in the carburetor; the governor 
relay, the lockout mechanism, compris- 
ing cable lever, and return spring, are 
remaining parts. 

The transmission synchro-clutch, 
controlling the shifts from first to sec- 
ond and from third to fourth speeds, is 
engaged through the action of engage- 
ment spring on synchro-clutch operat- 
ing lever when vacuum unit diaphragm 
stem latches and moves out of the way 
of operating lever, or when the manual 
lockout cable is pulled out, thus rotat- 
ing vacuum unit about its pivot pin and 
allowing synchro-clutch operating lever 
to move independently of the vacuum 
unit diaphragm stem. The vacuum unit 
diaphragm stem is shown in the latched 


position, accomplished through the ac- 
tion of engine manifold vacuum on the 
right side of vacuum diaphragm. As the 
stem moves to the right, the return 
spring is cocked, and when the stem 
has moved to the right into the position 
shown in the diagram, the stem latch 
drops into latching groove in the stem. 
The chamber behind the vacuum dia- 
phragm is connected to the engine mani- 
fold vacuum through a vacuum valve 
mounted on the stem of the solenoid 
core, This valve is open to admit vac- 
uum to the diaphragm when the sole- 
noid is not energized and when the 
core is in the position shown. The 
downshift or kick-down of the synchro- 
clutch is accomplished by energizing 
solenoid to raise solenoid core, thus 
opening atmosphere inlet valve and 
closing vacuum valve, admitting atmo 
spheric pressure behind vacuum dia- 
phragm. As the solenoid core moves 
upward, it pulls diaphragm stem latch 
out of the groove in the diaphragm 
stem, thus allowing the previously 
cocked return spring to move the dia 
phragm stem to the left. As the dia 
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phragm stem moves to the left, ignition 
interrupter switch ball is forced out 
of the groove in the diaphragm stem, 
closing ignition interrupter switch, 
which interrupts the ignition. As the 
ignition is interrupted, the car moves 
from drive to coast, at which instant 
the synchro-clutch sleeve is free to 
move on its hub, thus allowing the 
vacuum unit diaphragm stem to move 
all the way to the left, at the same time 
moving synchro-clutch operating lever 
to the disengaged position. When the 
vacuum unit diaphragm stem has moved 
all the way into the unlatched posi- 
tion, interrupter switch ball is again 
free to move inward under the force 
of the switch spring, thus opening the 
ignition interrupter switch, and restor- 
ing ignition. 

One terminal of solenoid is connected 
to the battery through the ignition 
switch and through generator relay, and 
is “hot” at all times when the engine 
ignition switch is turned on, and when 
the generator is rotating above a mini- 
mum speed. The other terminal of the 
solenoid is the ground side, and thus 
may be grounded through the governor 
switch, through the kick-down switch, 
or through the ignition switch when it 
is turned to “off” position. 

The governor which controls the car 
speed at which a shift may be made 
from first to second speeds in the “low 
range” and from third to fourth speeds 
in the “high range,” is driven from 
the transmission cluster gear, and inas- 
much as the cluster gear rotates roughly 
twice as fast in first and second 
speed as it does in third and fourth 
speeds for an equivalent car speed, 
the cut-in and cut-out speeds of the 
governor in the “low range” will be 
approximately half of the cut-in and 
cut-out car speeds in the “high range.” 
Outward movement of the governor 
weights moves the switch plunger up- 
ward and causes the switch to open 
at speeds above the cut-in speed, and 
to close at speeds below the cut-out 
speed. With the governor switch closed, 
the solenoid is grounded and energized, 
causing the transmission to stay in first 
or third speeds. When the governor 
switch is opened at the cut-in speed of 
the governor, the ground circuit to the 
solenoid is broken, and the vacuum 
unit stem latches, making it possible 
for the synchro-clutch to engage when 
foot pressure is released from the accel- 
erator pedal. 

The kick-down switch is closed when- 
ever the throttle is moved past the wide 
open position. Closing of this switch 
grounds the solenoid, causing the trans- 
mission to be shifted into third or first 
speeds. When the throttle is again 
partly closed, this throttle switch opens 

and allows the vacuum unit stem to 
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latch, providing for the engagement of 
the synchro-clutch when foot pressure 
is removed from the accelerator. This 
switch is prevented from closing above 
a certain engine speed by the action of 
the carburetor venturi vacuum on a 
small plunger, thus making it impos- 
sible to cause shifting by a kick-down 
on the accelerator pedal at speeds above 
approximately 27 mi. per hr. in the 
“low range” and above approximately 
53 mi. per hr. in the “high range.” 

The generator relay and the special 
ignition switch with a grounded terminal 
in the “off” position insure that the 
transmission will always start in first or 
third speeds, even though the ignition 
is turned off with the car still moving. 
With the ignition switch turned off, the 
solenoid ground connection is estab- 
lished through the grounded terminal 
of the ignition switch, and the “hot” 
lead is maintained through the action 
of a generator relay, which closes the 
circuit from the solenoid to the battery 
whenever the generator is rotating at a 
speed above a small minimum. When 
the engine and generator stop rotating, 
generator relay opens, the “hot” lead 
to the solenoid is broken, and the sole- 
noid is de-energized. 


Power flow, Ist speed. The manual 
shift lever is shifted from neutral to 
the position normally occupied by sec- 
ond speed in the conventional transmis- 
sion. This moves manual synchronizer 
sleeve backward, locking mainshaft low 
speed gear to mainshaft. Power then 
flows from drive pinion into free-wheel- 
ing gear on the countershaft, through 
locked free-wheeling unit into counter- 
shaft low speed gear and thence into 
mainshaft low speed gear, which 
turns the mainshaft through manual 
synchronizer sleeve. The transmission 
free-wheels when coasting in first speed. 


Ratio 3.07:1. 


2nd speed. Manual shift lever in sec- 
ond speed remains in the same posi- 
tion as for first speed. Shift from first 
to second speeds is through the action 
of governor in causing vacuum unit to 
latch, thus permitting synchro-clutch 
sleeve to engage the clutching teeth of 
the drive pinion. Power then flows from 
drive pinion through synchro-clutch 
sleeve into mainshaft third speed gear, 
down into countershaft third speed gear, 
through countershaft low speed gear 
and into mainshaft low speed gear, 
which turns the mainshaft through 
manual synchronizer sleeve. The trans- 
mission does not free-wheel in second 
speed. Ratio 1.98:1. 


3rd speed. Manual shift lever is 
shifted into the position normally occu- 
pied by the high speed in the conven- 





tional transmission. This moves the 
manual synchronizer sleeve forward, 
thus locking mainshaft third speed gear 
to mainshaft. Synchro-clutch sleeve is in 
the rear or disengaged position. Power 
then flows from drive pinion into 
countershaft free-wheeling unit, into 
countershaft third speed gear, and 
thence into mainshaft third speed gear 
and into mainshaft through manual syn- 
chronizer sleeve. The transmission free- 
wheels in third speed. Ratio 1.55:1. 


4th (Direct) speed. Manual shift 
lever in fourth speed remains in the 
same position as for third speed. Shift 
from third to fourth speeds is through 
the action of governor in causing vac- 
uum unit to latch, thus permitting syn- 
chro-clutch sleeve to engage the clutch- 
ing teeth of the drive pinion, and lock- 
ing mainshaft third speed gear to the 
drive pinion. Power then flows directly 
from the drive pinion into the main- 
shaft through the two sleeves and third 
speed gear. The transmission does not 
free-wheel in fourth speed. Ratio 1:1. 


Reverse speed. Manual shift lever is 
moved to the same position as occupied 
by the reverse speed in the conventional 
transmission. This moves reverse idler 
gear backward into mesh with counter- 
shaft reverse gear and mainshaft re- 
verse gear. Power then flows from drive 
pinion into countershaft free-wheeling 
gear, through locked free-wheeling unit 
into countershaft reverse gear, and 
thence into reverse idler gear and into 
mainshaft reverse gear, which is splined 
to the mainshaft. The transmission free- 
wheels when coasting in reverse speed. 
Ratio 3.25:1. 


Second reverse ratio may be ob- 
tained above the governor cut-in speed 


by momentarily releasing the foot from 
the accelerator and allowing the syn- 
chro-clutch to engage. Power then flows 
from drive pinion through synchro- 
clutch sleeve into mainshaft third speed 
gear, into countershaft third speed 
gear, into countershaft reverse gear, 
and thence through reverse idler gear 
into mainshaft reverse gear, which is 
splined to the mainshaft. The transmis- 
sion does not free-wheel in this second 
reverse speed. Ratio 2.10:1. 


Shifts from neutral into the “low 
range” (first and second speeds) and 
into the “high range” (third and fourth 
speeds) are made through a synchro- 
nizer, thus preventing clashing of gears. 
The shift from the “high range” to the 
“low range” may be made at any car 
speed by declutching and moving the 
manual shift lever from one position to 
the other. The clutch pedal must be de- 
pressed whenever shift lever is moved. 
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AUTOMOBILES of 1941— ENGINES and TRANSMISSIONS 
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Spring-centered clutch pressure 
plate. Commonly, the pressure plate, 
which in its operation must move ax- 
ially, is held concentric by three splined 
teeth cut on the rim of the plate which 
fit splined slots milled in the clutch 
cover. Since concentricity within close 
limits is required, spline fits must be 
close, but with enough clearance had to 
allow easy sliding, making a difficult 
production problem. In the 1941 Pon- 
tiac, four pieces of flat spring steel are 
blanked out of thin stock to a wide 
shallow U-shaped profile. Each end of 


ALUMINUM BRONZE PISTON PIN bushings 
are used in the 1941 Pontiac to avoid 
possible corrosion under certain condi- 
tions of oil and heat. The formerly used 
bronze bushing was subjected to this 
corrosion in certain sections of the 
country. Although the failures have 
been comparatively few, the aim in 
specifying this type bushing for all units 
is to maintain 100 per cent performance 
and reduce complaints. 


POWER OUTPUT in the Chevrolet engine 
is increased to 90 hp. with a maximum 
torque of 174 lb.ft. primarily through 
redesign of the combustion chamber 
and piston. Change in the combustion 
chamber resulted in raising the com- 
pression ratio from 6.25 to 1 to 6.5 to 1. 
This was accomplished by lowering the 
roof around the intake valve seat to 
the face of the cylinder head. The lower 
roof section is machined flush with the 
base. Likewise, the valve seat is lower 
and, to allow for the thickness of the 
valve head, is set in a shallow recess in 
the roof. When the piston is at the top 
of the stroke, the distance from it to 
the lowered roof area is only the thick- 
ness of the head gasket. This restricted 
volume increases the turbulence under 
compression, and permits operation on 
a leaner mixture. Another important 
result is the quenching of the flame over 
the last third of travel, to eliminate one 
of the major causes of detonation. 
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the spring is riveted at one of four 
equally spaced holes in the clutch cover 
flange, the four springs being symmetri- 
cal with the clutch gear shift. Four 
rivets pass through holes drilled in the 
center of each spring and through four 
equally spaced lugs on the pressure 
plate. Thus the plate is held concentric 
but is free to move fore and aft when 
clutch is being engaged or released, the 
springs bowing slightly when the clutch 
is being engaged. The spring action 
assists the main disk spring to release 
plate when clutch is disengaged. 


PACKARD CYLINDER BLOCKS for all en- 
gines are semi-steel castings containing 
a definite percentage of nickel. The 
exceptional hardness of this material 
makes unnecessary steel valve seat in- 
serts. 
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Mainshaft in the 1941 Chevrolet 
transmission now has six splines in- 
stead of 18. Lands between the splines 
are ground for accuracy of centering of 
the second and third speed clutch, the 
inside of which also is ground for the 
same purpose. Wear resistance of the 
shifter yokes is increased by Granodiz- 


TO PROTECT BREAKER POINTS in the 1941 
Chevrolet, a polarity reversing switch is 
installed in the distributor circuit. 
Mounted on the top of the starter and 
actuated by the starting motor, the 
switch reverses the direction of cur- 
rent flowing to the breaker point each 
time the motor is started. By period- 
ically reversing current direction, trans- 
fer of tungsten from one point to the 
other is also reversed, resulting in a 
more uniform condition of the points, 
and prolonging life. The breaker side 
on the distributor cam lobe is made 
steeper. This increases coil output at 
low speed and increases the operating 
speed of the breaker point to minimize 
any tendency of arcing at low engine 
speed. The cam is hardened by a spe- 
cial electrical process to permit ream- 
ing of the hole that supports the cam 
and the shaft, and to permit more accv- 
rate grinding of the cam. 


CUSHIONING OF CLUTCH FACING in some 
form is universally used. In the 1940 
Pontiac, cushioning was supplied by 
waved flat springs, which spread the 
two facings a few thousandths apart. 
For the 1941 models, springs have been 
omitted. In their place a portion of the 
steel disk underneath the clutch facing 
has been blanked into seven, equally 
spaced “T” sectors, wave-shaped. To 
the front face is riveted the front lining 
at the convex crest of each wave forma- 
tion; rear facing is riveted to the cen- 
ters of concave portion of each wave. 
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ing. Reverse idler gear bushings are 
locked into the gears. The bosses on the 
ends of the gear are enlarged for greater 
area of thrust washer contact. The in- 
terlocked lever is now clamped instead 
of welded to the interlock shaft; this 
permits removal of parts from the gear- 
shift cover when service is required. 
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Compound earburetion is standard 
equipment on all Buick engines except 
the Series 40, and at small extra cost 
on that series. In the past with one car- 
buretor supplying fuel for both high 
and low speeds as well as acceleration 
and hill climbing, a compromise had 
to be made between performance and 
economy. Two dual carburetors are 
used; each slightly smaller than in 
previous models. Front carburetor alone 
will supply a sufficient charge of fuel to 
all eight cylinders because of its fuel 
construction under ordinary driving con- 
ditions. Equipment includes a dual sys- 
tem of intake and to exhaust manifolds 
and carburetor heat controls. The auto- 
matic choke system and starter switch 
are continued on the front carburetor 
only. The front carburetor only has an 
accelerating pump system which gives a 
momentarily richer mixture when accel- 
eration is depressed; and a main “by- 
pass” system which functions when 
throttles are nearly wide open. 

On closed throttle or idling, air pass- 
ing the front and rear throttles draws 
gasoline from the idle systems of both 
carburetors. With throttle partly open, 
gasoline is fed from the idle system of 
both carburetors and the main meter- 


October, 1940 


Trunnion 


7” __ Rear carburetor sever 


--- -Throttle stop screw 


~;~--- Damper 
valve 


ing system of the front carburetor. For 
full throttle operation, usually in high 
gear, operation varies as follows: Be- 
low 15 m.p.h.—front carburetor main 
system is functioning—the rear carbu- 
retor is not; 15-20 m.p.h.—front carbu- 
retor main system is functioning and 
rear carburetor starts to feed gasoline 
mixture; 35-40 m.p.h.—both carburetor 
main systems function with accelerator. 

Between the rear carburetor and the 
manifolds is an auxiliary throttle held 
closed by a weight and opened auto- 
matically by engine vacuum. Rear car- 
buretor delayed action is accomplished 
by special linkage; it is not directly 
connected to the accelerator but is actu- 
ated by a pick-up lever with a delayed 
initial opening, as compared to the front 
carburetor throttle flies which are di- 
rectly connected to the foot accelerator. 
When the front throttle is opened half 
way, the rear throttle begins to open. 

Both carburetors are the concentric 
float bowl or aero type to assure a con- 
stant supply of fuel regardless of car 
elevation. Intake manifolds are designed 
to permit uninterrupted fuel passage to 
the. cylinder. Exhaust manifolds are 


equipped with two automatic heat con- 
trol valves, thermostatically controlled. 


AUTOMOBILES of 1941— ENGINES and TRANSMISSIONS 


PRESSURE COOLING, first used on the 
1940 Buick, is now on almost all 1941 
cars. The systems usually operate under 
4 lb. per sq. in. pressure. By the use 
of a radiator pressure cap the boiling 
points of the cooling mixture are raised 
from 10 to 12 deg. above normal, thus 
providing an extra margin of protection 
for the cooling systems. 


WRIST PIN HOLES in the pistons are 
bearingized to improve Cadillac wrist 
pin fits. After the hole has been dia- 
mond-bored to size and anodized, the 
aluminum oxide formed by the anodiz- 
ing process is cold-worked into the wall 
by the action of a many-toothed cam. 
This process lengthens the life of the 
anodizing and gives a mirror finish. 


ALL PACKARD TRANSMISSION GEARS are 
carburized to impart a hard, high-car- 
bon wearing surface on the outside of 
the gears while retaining sufficient in- 
terior toughness to withstand shock and 
impact. Ordinary heat-treating proc- 
esses impart the same degree of hard- 
ness all the way through and gears 
properly hardened on the surface would 
be too hard and brittle on the inside. 
After carburizing, gears are lapped to 
precision limits and matched in sets. 


INTAKE VALVES are Ygth inch larger on 
the Packard and are made of chrome- 
nickel steel. Exhaust valves are made 
entirely {rom austenitic steel, this latter 
material is used in the heads to prevent 
warping and distortion under the ex- 
treme heat of the exhaust gases. The 
valve stems also are now made from 
austenitic steel to prevent corrosion. 
Valve stems operate in valve guides that 
are counterbored to shield the stem from 
hot gases. They are burnished on the 
inside to provide a smooth surface. In 
all engines the floor of the exhaust port 
has been raised to make a streamlined 
passage for the exhaust gases and also 
to provide more cooling around the top 
of the exhaust valve guide. As a result, 
exhaust valve temperatures have been 
reduced as much as 200 deg. as indi- 
cated in tests. 


TRANSVERSE SLOT in piston walls instead 
of the usual T slot previously machined 
is used in 1941 Buick. It is claimed that 
the transverse slot prevides a stronger 
piston with less tendency to weaken and 
collapse. Pistons have a new skirt de- 
sign which provides a larger area of 
contact on the piston surface for lubri- 
cating oil. New ribbing is provided 
under the top of the piston to increase 
strength. (Continued on next page) 
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Oil-cleaning devices of the filtering 
type operate at maximum efficiency 


when new, but require filter replace- 
ment. Most filters operate on the by- 
pass system, oil from the sump passing 
through the oil pumps and then to bear- 
ings before passing through the oil fil- 
ter. To pass oil through the cleaner 
before entering the bearings, and to 
maintain maximum efficiency indefi- 
nitely, at all engine operating tempera- 
tures and with any oil, Pontiac has de- 


veloped a permanent-type oil cleaner. 
The cleaner consists of a settling cham- 
ber concentric with an oil inlet tube. 
Surrounding the settling chamber is an 
inverted cup; between the cup and set- 


tling chamber is a cylindrical screen. 
All lubricating oil going to the pump 
passes first through the screen to ex- 


DOUBLE-ACTING SHOCK ABSORBERS on 
1941 Buick models have arms which 
function also as upper control arms of 
the front suspension. The outer ends of 


the arms are secured to the knuckle 
supports with threaded steel pins and 
bushings. Front suspension is designed 
to permit easy caster adjustment. The 
boss forged on the outer side of the 


knuckle support locates and secures the 
king pin in the correct location. Chassis 
springs are held in position with a 
spring riveted to the lower control arm 
in the frame front cross member, and 


are insulated from the frame by fabric 
insulating shims. 
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clude any large particles of dirt. It then 
enters the inlet pipe and flows against 


the inverted baffle. This reverses oil 


flow direction, causing it to strike the 
flat baffle, and again reverse. At this 
point dirt particles are thrown out of 
the oil into the settling chamber where 
they precipitate on the bottom. After 
reversing direction as it strikes the baf- 
fle, the oil goes to the oil pump inlet 
tube connected to the die-cast cleaner 
cover, then to the pump and to the en- 


gine bearings. The cleaner is located 
on the suction side of the oil pump so 


that all oil passes through the cleaner 
before entering bearings. There is no 


filter element to dry or plug up, and 


the cleaner may be used efficiently for 


life of engine. Since cleaner is built in, 
there is no possibility of leaking tubes. 


Top PISTON RING in the 1941 Buick is 
notched on the inner diameter to give 
it a slight rocking action. As the piston 


is forced downward, the lower edge of 


the ring is forced into the cylinder wall. 
The lower compression ring is taper- 
faced to present a sharp edge to the 
cylinder wall. This aids in reducing oil 
consumption during breaking-in period, 
and pomotes more efficient fuel con- 
sumption throughout the life of the 
engine. The lands in the piston and 
the piston rings are designed to decrease 
blow-by and to contribute to longer ring 
and piston life in addition to preventing 
burning of the top land. 





UNIFORM-WEIGHT CONNECTING RODS are 
used in 1941 Buicks. In all engines the 
rods have same weight and center of 
gravity. In addition to promoting 
smoother operation, this design makes 
the connecting rods in the same series 
interchangeable. The rods have been 
further strengthened by making the 
caps double-ribbed, increasing the rigid- 
ity at the cap bolts. 


NICKEL-ALLOY ELECRO-PLATED PISTONS 
in Pontiac and Buick 1941 models have 
the piston pin slot at the side rather 
than at the bottom. Under advance 
spark conditions it was found that 
pistons which were assembled with the 
piston pin slot at the side rather than 
at the bottom would take 30 per cent 
more load before failure. 


Improved hydraulic valve si- 
lencers designed for durability and 
smoother operation are used in the Cad: 


illac 1941 cars. The valve lifter unit 
is now being manufactured from case- 
hardened steel, it was formerly cast 


iron. The new material, besides being 
more wear-resistant tends to prevent 


galling between the lifting unit and the 
body, thus permitting smoother opera- 
tion and reducing wear. Tolerances be- 


tween the lifting unit and the body are 
held oloser to reduce oil leak-down and 
to assure more uniform valve lift. The 
lifter unit has been redesigned and the 
oil bleeder hole in the body has been 
relocated to permit a greater volume of 
oil to remain in the reservoir when the 
engine is at rest. As a result, the ratio 
of air to oil in the unit has been reduced 
and the effectiveness of the valve silencer 


on the engine has been improved. 


COMPRESSION RATIOS in the Hudson 
“10” have been increased to 7.25 to l, 


the 6-cylinder motor developing 92 hp. 


Spark advance has been changed to 
give an earlier spark at lower speeds. 
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Rocker arms of the 1941 Chevrolet, 
redesigned, are made of the newly-de- 
veloped ArMaSteel, a special semi-cast 


steel having unusual wear-resisting 


properties that make possible the elim- 
ination of the usual bronze bushings. 


SELF-LOCKING CONNECTING ROD BOLTS 


and nuts introduced in 1940 models are 
now used on Pontiac piston pin screw. 
Formerly the piston-pin screw was 
locked in place with a jam nut. The 


self-locking screw is effective; it reduces 
the number of parts. 


contact 
points to prevent corrosion and to pro- 


long trouble-free operation is continued 
in the 1941 Hudson models. 


SILVER-PLATING of electrical 


„Transmission main shaft 


T Transmission housing 


j babbitt bushings 





























































The arms are diamond bored to operate 
directly on the shaft. After boring they 
are Granodized to protect the bearing 
surface from scuffing or scouring when 
operating against the hardened rocker 
arm shafts. 


IMPROVED OIL FILTERING systems are on 
the 1941 Buick. Previously the filter 


outlet led to the valve overhead mechan- 
ism, necessitating a safety valve which 
functions when over 20 lb. per sq. in 
pressure is required to force oil through 
filter. With sediment filter becomes inef- 
fective. In the new system the filter out- 
let returns to the crankcase aad there is 
no by-pass valve. This permits the oil to 
flow through filter at higher pressure, in- 


creasing filter life. If the filter becomes 
inoperative, oil remains in crankcase. 
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Splined joint on propeller shaft 
is now removed from the propeller shaft 


assembly, and is located within the 
Cadillac transmission housing, assuring 
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constant and complete lubrication. 
Splines are on the rear of the transmis- 


sion main shaft. The ball bearing on 
the main shaft has been replaced 
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-0il seal guard 


AN ALLOY CAST IRON CAMSHAFT replaces 
the former forged Cadillac camshaft. A 
special heat-resistant bearing material 
has been developed for the exhaust 
valve stem, this material being highly 
score-resistant at high temperatures. 
Exhaust valve head material is austen- 
itic steel. Intake valves are chrome- 
nickel steel. 






Transmissions in the 1941 Hudsons are 
entirely new and are synchronizing 
geared. New transmission is 3 in. 
longer, all gears are helical. The over- 
drive has also been redesigned to elimi- 
nate a dozen parts. Overdrive also comes 
into operation at a lower speed than in 
previous models, at about 19 mi. per hr. 


PONTIAC HAS INCREASED THE BORE of 
the 6-cylinder engine from 3rs in. to 
3ře in, the stroke remaining 4 in. 
Total displacement is now 239 cu. in. 
per cylinder. This has increased brake 


horsepower to 90 over last year’s figure 
of 87, while torque has been stepped up 


from 164 to 175 lb. ft. These increases 


in power and torque have been effected 
without increasing overall dimensions 
or weight of the engine. A slight change 
has been made in the contour of the 
piston head for the larger size so that 
the new piston weighs no more than 
the smaller diameter one used last year. 
Thus reciprocating forces will not be 
increased nor will connecting rod or 
crankshaft bearing loads be materially 
raised. Because of the larger displace- 
ment, it was necessary to increase the 
size of the intake manifold steel tube 
riser 14 in. in diameter to handle fuel 
for full throttle operation. Dual car- 


buretion is now standard equipment on 
all 8-cylinder Pontiacs. 


Propeller shatt 
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by two steel-backed babbitt bushings 
pressed into the housing, which also 


holds the oil seal. These bushings are 
lubricated by the transmission oil. 
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INVASION of the low-price field, domi- 
nated by the “big three”: Ford, Chevro- 
let and Plymouth, was successfully 
attempted early last year by Stude- 
baker with the new Champion, the 
engineering features of which were 
described in P.E. June 1939, p. 226. 
This year Nash enters the same field 
with an outstanding new design em- 
bodying features of size, performance 
and appointments customarily found 
only in the medium-price range. Previ- 
ous Nash models covered the price 
range that represents 35 percent of 
the domestic market; with this new car, 
Nash’s line for °41 will cover 92 per- 
cent of the domestic market. Based on 
this coverage, Nash expects to double 
1940 sales this model year. 

Faced with a highly competitive mar- 





AMBASSADOR 600 


Conventional sized, low-priced car with 


all-welded integral body and chassis 


ket, Nash engineers had to create a 
car that could be produced at minimum 
cost and yet would have distinctive 
plus features that competitors did not 
have. This was to be no “small” car: 
it was to be standard-size. It was to 
have “big car” performance and ride- 
ability. Most important of all, it was 
to be a real “economy” car in both 
first cost and operation. Appearance 
was to be similar to the remainder of 
the line, with no attempt to make the 
new model look like a stepchild or 
“loss leader.” 

After months of study, it was de- 
cided to develop an integral chassis 
frame body design with internal bridge- 
truss construction. Following aircraft 
design practice, roof, sides and floor 
were designed as formed, load-carrying 


members, In this way, it was possible 
to make the body of the new car prac- 
tically the same size in cubic feet of 
interior space as the two larger Nash 
models. The entire body is welded into 
a single unit: no chassis frame is used. 
Almost 500 Ib. of weight were saved by 
this type of construction. Additional 
production savings were made by pro- 
viding interchangeability of doors and 
standard parts among the three lines. 

Since body dead weight was consid- 
erably decreased by this design, it fol- 
lowed naturally that a small horse- 
power engine with all its attendant 
economies could be used. The new six 
cylinder engine develops 75 hp. at 
3,600 r.p.m.; in details it follows Nash 
standards. Particular attention was 
given to economy. Uniform tempera- 
ture control is obtained by casting inlet 
manifolds inside the head. Cylinders 
are completely water-jacketed. Com- 
pression ratio is 6.7 to one, bore 3% 
in., stroke 334 in. Carburetion is down- 
draft; pistons are steel-strut aluminum 
construction. Lubrication of all pistons, 
pins and cylinders is full-pressure type, 
and connecting rods are _ rifle-bored. 
Engine is fitted with a torsional vibra- 
tion dampener. Entire crankshaft and 
flywheel assembly is dynamically bal- 
anced by electronic controlled balancer. 
Careful design has limited the weight 
of assembled engine and transmission, 
including usual accessories, to 460 |b. 

Extensive road tests have shown the 
new Ambassador 600 capable of travel- 
ing well over 30 miles on a gallon of 
gasoline. Conservatively, the corpora- 
tion is restricting advertising claims to 
25 to 30 miles per gallon. 

The body is sprung directly on coil 
springs on all four wheels and is the 
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first low-priced American car to be so 
designed. The front end is carried on 
a Lancia type suspension; the rear is 
carried on coil springs nested into the 
integral frame. Direct-acting shock ab- 
sorbers are mounted inside the coil 
springs at the rear of the car. Shock 


absorbers at the front end operate par- 
allel to the kingpin. 

The front end suspension may be de- 
scribed as a floating kingpin construc- 
tion. The kingpins—20 in. long—are 
set vertically and supported at the top 
by a horizontal, steel-tube cross rod. 





Steering wheel and instrument panel of new Nash. Wheel, centerpiece 
and control knobs are red Tenite. Horn ring is molded of clear Crystalite. 
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Kingpin is supported at the bottom by 
a heavy, formed, bridge-type truss 
member welded to the steel body. 
Front wheel spindle is mounted on a 
mirror-smooth collar which moves up 
and down the lower section of each 
kingpin on six caged roller bearings. 
The upper end of this collar supports 
a resilient coil spring which in turn 
carries the body weight on a tapered 
roller bearing. The entire assembly is 
pre-lubricated and fitted with felt 
grease and dirt seals; it is completely 
housed in a corrugated rubber boot. 
With the low unsprung weight in 
this design and direct soft coil spring 
action, the new car offers a remarkably 
smooth ride. An additional advantage 
with floating kingpin spindle mounting 
is that it permits a two-way ball bearing 
steering system with consequent re- 
duction in steering effort. The car will 
swing in a 33-ft. diameter circle. 
Bodies, which are all torpedo 
models with the choice of slipstream 
or trunk back, are completely insu- 
lated and sound-proofed with “Sand- 
Mortex” applied to body panels. Doors 
are weather-sealed. Both body and 
fenders are Bonderized, and are fin- 
ished in slow-baked high-gloss Perma- 
lux enamel. Glass area on the new car 
is increased over the largest 1940 


Nash, the windshield having 88 more 
sq. in. of area and the curved rear 
window having 40 more sq. in. of area. 
Steering wheel gearshift is furnished. 

(Continued on next page) 


475 


NASH AMBASSADOR 600 


Constructional details 


SHOWN AT THE RIGHT is a phantom of 
the new 600 method of springing. The 
front suspension was developed from 
the original Lancia racing car designs 
and provides knee-action operation 
and advantages with a minimum num- 
ber of parts, since upper and lower 
control arms and associated mountings 
are not required. Camber adjustment is 
much simpler than with conventional 
knee-action suspensions. The rear coil 
springs are housed in a formed box 
section; lower ends are bolted to axle. 

An inclined member carries load 
from the front supports directly to the 
body frame and helps distribute stresses 
to the body shell. This bridge type 
truss member is also being used on 
the regular Nash series. 
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Floating kingpin design embodies a sliding collar directly connected to the wheel spindle and operating against a 
coil spring. Special-shaped roller bearings give roller action in two planes. Body mounts on ball thrust bearing. 
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Direct-acting shock absorbers are mounted inside the rear coil springs. Lower mounting of spring is directly 
bolted to real axle housing. Rubber bumpers absorb shock on extreme compression or elongation of spring. 
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position axle. Rubber mounted alignment bars extending from rear axle to torque tube provide lateral cushioning. 
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Armored X-type frame for con- 
vertible models in the 1941 Hudson. An 
extra sub-X member, with a heavy re- 
inforcing plate and four additional 
struts connects the X members with the 


sides of the frame, giving a total depth 
of 9% in. of reinforced steel. The frame 
for closed models is rigid enough with- 
out the two parallel lateral cross-mem- 
bers and bi-sections of the X. 
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Groeved spring leaves of Amola 
steel are now standard equipment on 
Chrysler Corporation cars. Leaves are 
grooved on compression side. Grooved 
section has lower maximum tensile 
stresses for same loading because neu- 
tral axis is moved nearer tensile edge. 
To provide interchangeability of pres- 
ent and former springs the same spring 
rate is attained by using a thicker sec- 
tion grooved leaf that has the same total 
moment of inertia. The increased depth 
for the same number of leaves is taken 
up in axle clips. A saving of 8 to 9 
percent in steel weight and reduction 
of 2 to 3 percent in tensile stress is 
obtained with a grooved leaf spring as 
compared with flat leaf spring of the 
same rate. It has been found that shot 
blasting the surface that is under tensile 
stress increases the fatigue strength; 
this shot-blasting operation is performed 
on longest four or five leaves only. 


VACUUM WINDSHIELD WIPER action has 
been improved on the 1941 Ford. Vac- 
uum connection, formerly on the intake 
manifold, took vacuum principally from 
cylinders number 7 and 8. The new 
connection is located on the carbu- 
retor riser and obtains its supply from 
all eight cylinders. 
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Chevrolet frame has been length- 
ened 3 in. and lowered 5% in. Widened 
frame prevents excessive overhang of 
the wider body, keeps the length of the 
body brackets down to a minimum. 
Greater rigidity is obtained in mounting 
of body to frame by the use of addi- 
tional two-bolt attachments, and extra 


Improved emergency brake con- 
trol on 1941 Pontiac. Horizontal link 
was supported in 1940 models in hori- 
zontal slots in the X-member webs. Dur- 
ing intermittent freezing and thawing, 
ice formation between link and slots 
made release of brake difficult. To over- 
come this tendency to freeze up, the 
new design retains the pivoted end, but 
the opposite end does not project 
through the X-member web. Instead a 
wire link is used. As the link no longer 
rests in the X-member slot, ice has no 
chance to form around it, and so far as 
the pivoted end is concerned, enough 
force is available to break loose any 
ice which may form. 


To INCREASE RIGIDITY, the lower edge of 
the Pontiac instrument panel is rolled 
up. This latter operation also conceals 
the raw metal edge. 


body bolts in new locations. With the 
new design, two-bolt attachments are 
used at the dash, and at each of the 
three body pillars on each side. Extra 
one-bolt mounts are provided on each 
side midway between the first two pil- 
lars. This construction is. effective m 
increasing the floor stiffness. 
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Vertical front wheel support in 
the Packard is a steel forging carrying 
the front wheel spindle and yoked to 
the upper and lower support assem- 
blies. The lower-support lever assembly 
is hinged to the vertical wheel support 
by a horizontal king pin mounted on 
two roller bearings. Needle bearings 
have been installed at the top and bot- 
tom of the steering knuckle king pin. 
The ball thrust bearing used in 1940 
models has been replaced by an anti- 
mony-lead thrust bearing. 


Rubber 
cushion 


Rear axle 
housing 


---- Coll spring 


K 


K 
IISA 
SAL PWD VR Wwe” 


N) 
“jl 
Thrust member 


Rear support for thrust member in 
Oldsmobile has been redesigned. New 
support consists of a formed bracket 
welded to rear axle housing. Thrust 
member is supported on rubber cush- 
ions in this bracket. Mounting is bolted 
together for easy assembly. 


BECAUSE THE TRUNK FLOOR IS FLAT all 
the way to the door opening it was pos- 
sible to weld a reinforcing channel 
across the rear edge of the floor and 
reduce drumming noises in the Pontiac. 
A heavy gage steel gutter is welded en- 
tirely around the trunk door opening to 
increase rigidity. 
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Front spring frequeney on Ford 
has been lowered 16 percent, camber 
has been reduced one inch and the de- 
flection rate has been lowered. 1940 
front spring frequency was approxi- 
mately 76 oscillations per minute; the 
frequency of the 1941 front spring has 
been lowered to 63.7 oscillations per 
minute. The former front spring had a 
185-lb. per in. deflection rate. The new 
rate is approximately 175 lb. per in. 


Front 
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Lower spring frequency is obtained by 
use of new reversed type spring shackles. 
On the 1940 car the lower ends of the 
shackles sloped inward toward the cen- 
ter of the car and approached vertical 
position with full passenger load. On 
the 1941 car the lower ends of the 
shackles slope outward at an angle of 
25 to 30 deg. This puts the main leaf 
in compression instead of tension and 
provides improved damping action. 


et of chassis 





Approx. location 
of dashboard 


Reinforcing 
bracket 


Front 
body bolt 
bracket 


Body bracket - 


Metal spacer 
ferrule 


i outriggers--->4.] 


---X-member 


Side member 
reinforcing bracket 
/ 


No body bolts from’ 
here to here 


\ 
Frame bracket 


Cross Section through Body Bolt 


Improved method of mounting 
the Ford 1941 bodies to prevent road 
strains being transferred to the body 
structure. The fourteen rubber insula- 
tors for the body bolts, used for all 
body types except the convertible club 
coupe, are twice the size previously 
used. There are no mountings near the 
rear corners of the body. Two rear bolts 
are on the frame cross member; they 
are spaced 6 inches on each side of the 
longitudinal center line of the car. 
Frame weave at the rear cannot be 


DRIVE REAR SUSPENSION 
lubricated rear 


HOTCHKISS 
with permanently 


springs are continued in the Cadillac 
line. Rubber bushings on the rear 
spring shackles insulate the frame and 
springs at all points of suspension. 





transferred to the body structure. Rub- 
ber insulation for the body bolts con- 
sists of two pieces. A metal sleeve or 
bushing on the bolt prevents the insu- 
lators from being compressed beyond 
a predetermined amount when the body 
bolts are tightened. Thus each insula- 
tor has the same degree of resiliency; 
this insures uniform action from all of 
the mountings. In the convertible club 
coupe, metal spacers replace the rub- 
ber insulators to provide increased 
rigidity for this type body. 


All series are equipped with an auxi- 
liary rubber spring bumper, mounted 
on the sidebar kick-up reinforcement, 
to cushion spring action over rough 
roads. Wax-impregnated liners are 
used. (Continued on next page) 





479 





AUTOMOBILES of 1941 — CHASSIS 


‘Auxiliary spring—-~~ 
bumper 


v-—Spring bracket 
\ support 
\ 


Kick-up reinforcernent-~ 


(welded to sidebar) 


TO INSURE GREATER STABILITY in the 
steering column and wheel, the thick- 
ness of the column jacket has been in- 
creased from 0.049 to 0.085 in. in the 
1941 Pontiac. Doubling the metal gage 
increased the stiffness of the tube ap- 
proximately four times, thus reducing 
vibrational quiver. 


FRONT SUSPENSION of the Series 90 
Buick is simplified by having the king- 
pin support boss forged integral with 
knuckle support. This replaces caster 
adjuster assembly previously used. Di- 
rect cross steering tie-rods eliminate 
intermediate steering arm and bracket 
assembly used in 1940. The new steering 
tie-rod assembly connects directly from 
steering gear pitman arm to the steer- 


ing arms. Assembly is simplified. 
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In tHE 1941 Buicxs the series 40 is 
built on an improved 1940 series 50 
frame and the series 60 is built on an 
improved 1940 series 70 frame. 


STEERING GEAR WORM is burnished in 
the 1941 Pontiac. With the usual ma- 
chined surface, tooth pressure ironed 
out the ridges left in the machining 
operation, increasing clearance between 
roller and worm and adding backlash 
in the steering wheel mechanism. 


ALL-STEEL WELDED CONSTRUCTION is 
used for seat frames instead of the usual 
wood bottom frame in the 1941 Chev- 
rolet. The new construction, using steel 
tubing and a deeply ribbed stamped 
steel section, gives a maximum of 
strength for a minimum of weight. 


Greater rigidity in 1941 Cadillac 
frames (above and left) is obtained by 
new X-member and sidebar construe- 
tion. Lighter gage sidebar stock is 
used, but depth has been increased and 
reinforcements added. A channel sec- 
tion reinforcement securely welded to 


the frame sidebar extends along the 
side-bar from the rear of the X-member 


to the fuel tank cross member. This 


forms a rigid support to the kick-up 
over the rear axle. Support, added at 
the junction of the rear cross member 
with the sidebar, is a heavy Z-section 
reinforcement at the rear spring brack- 
et. Greater stability is obtained through 


increased frame width at the rear and 


increased rear treads which place 
points of spring suspension further 
apart. Front end rigidity has been 
increased by joining the X-member to 
the sidebar at a point farther to the 
rear of frame. A long channel exten- 
sion forms a box section with a side 
bar from this junction to the front cross 
member. These added improvements 
and the deeper sidebar construction 
have added about 40 percent more tor- 
sional stiffness to the frame used for 
sedän and coupe models. 


AN ALL-STEEL DRUM 1} in. thick with a 
braking surface of centrifugally-cast 
nickel alloy iron replaces the cast 
drum formerly used on Pontiac. This 
steel shell protects the cast iron braking 
service from breakage. After the shell 
is pressed to shape it is placed in a 
revolving mold and a stream of close- 
grained nickel-alloy molten iron forced 
against the inner cylindrical surface, to 
produce an iron liner of uniform hard 
ness which machines smooth and pre 
vides an excellent braking surface. 
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Same frame for sixes and eights. 
Two methods used in 1941 cars to adapt 
same size frame for both six and eight 
cylinder engines. Oldsmobiles have two 
positions for mounting radiator core. 
See above. Rear engine mounting is in 


same location for both sizes of engine. 


PONTIAC 





OLDSMOBILE 


Difference in length is taken up by 
method of mounting radiator core. With 
core in forward position, clearance is 
allowed for eight cylinder engine; when 
six cylinder engine is used, radiator core 
is mounted in reversed position. In the 


Pontiac design, below, the same frame 


Front of dash 
‘ line 
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6-cy/ core 


_ Radiator 
suppor? 


/ 


\ fender filler 
Radiator plate 
battle 


also serves two engines. Again the rear 
engine mounting is in the same location 
for both engine sizes. Radiator core is 
not movable, but a fan shroud is used 
between engine fan and radiator. Cool- 
ing efficiency was so improved that a 


shroud was also used on the eight. 


hod and ring 
; assembly 
Ae | 0394 
p. AE <= natt, { 0598. 
i 


Rubber bushing 


` 


EF yz 
Taper 14 "per i 
ft on dia, ---4 


Threads and tapers 
must be free of lacquer: 


Rear shock absorber link con- 
struction in 1941 Buick reduces flutter 
of rear wheels on rough roads. Quick 
reaction to road surface conditions was 
not obtained with previous type links 
because the large rubber grommets al- 
lowed a certain amount of play in the 
link. In the new link, the stud at each 
end is set at a right angle to the link 
rod and is insulated with rubber. 


Att CADILLAC, AND BUICK series are 
now equipped with the Saginaw re- 
circulating ball type of stearing gear 
described in last November’s article on 
page 465. The balls provide practically 
frictionless operation of the steering 
gear mechanism and reduce steering 
effort. (Continued on next page) 
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Front of 





Brake cylinder actuating link 
is connected to the brake pedal through 
a pin, but link operates in slot as a 


jan. Return 
Pedal link spring 


5 


safety feature in the new Oldsmobile. 
Pressure will still be transferred to hy- 
draulic cylinder, even with pin failure. 


X-member has flange facing 
outward. forms box section 
when joined fo main side 


Stamped bracket 
reinforces out- 


rıgger 


Frame in 1941 Ford is completely 
new in design with rigidity increased 
100 per cent over 1940. Improvements 
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members 


Center section- 

Two steel stampings,flash 
welded together. X-members 
welded to center section 


include a new X-type cross member with 
9-in. deep box-type center section. The 
X-member is braced to the side members 
at 8 points. Torque tube now passes 
through the center section of the X- 
member. Since opposite front and rear 
X-member channels are in a straight 
line, torsional resistance is increased. 
Center section consists of two steel 
stampings, flash-welded together; the 
channels of the X-member are each 
flash-welded to this center section. These 
X-member channels have their flanges 
facing outward toward the side mem- 
bers, when joined to side members they 
form wide box sections. This design was 
first used on the Mercury frames last 
year. The channels on the new frame 


Multi-unit fenders are now fur- 
nished on Ford and Mercury cars. The 
fender, formed in three separate sec- 
tions, is assembled with bolts and spring 
washers. Besides reducing metal-form- 
ing costs. high on deep-drawn fenders, 
sections can be replaced easily. Deluxe 
models have stainless trim on joint. 


extend past the front and rear cross 
members to which chassis springs are 
attached. The unit structure is braced 
to the side members of the frame by 
eight additional transverse members. 
These members are deepened at the 
point of attachment to the frame side 
members. Where the two outriggers eX 
tend from the frame on each side, spe 
cial stamped brackets reinforce the 
frame side members to minimize twist- 
ing. The rear frame cross member it 
cross section is an inverted channel 
with flanged legs with a plate welded 
to its flanges to form a box-section. The 
rear spring is U-bolted against this 
plate. Rigidity has been increased 
with only slight increase in weight. 
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front 
engine 


support Series 40—50 


NEW REAR SPRING on 1941 Ford is 1%4 
in. longer than formerly. The 1940 
spring was clamped to the frame cross 
member for a distance of 6% in. By 
redesign of the clamp, this distance has 
been reduced to 4 in. resulting in an 
additional 244 in. of effective length. 
This makes a 4 in. increase in effective 
spring length. Reversed shackles help 
reduce rear spring frequency to 57.7 
oscillations per minute. There is a dif- 
ference of only 6 oscillations per minute 
between front and rear springs. This 
close balance between front and rear 
spring rates minimizes excessive pitch- 
ing of the car on rough roads. Lighter 
shock-absorber settings can be used; 
this also improves ride. 
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TRUNK FLOOR BOARD in Pontiac extends 
across the body, increasing the rigidity 
of that section of the floor. This change 
requires all servicing of the clutch and 
transmission to be done from beneath 
the floor level. Rear doors are hinged 
on the center pillars which are made of 
larger sections. Box-typed concealed 
graphite impregnated 
bronze bushings are used on all bodies. 


CAMBER ADJUSTMENT in 1941 Cadillac 
is made easier through replacement of 
threaded pin in upper end of steering 
knuckle support with a plain eccentric 
pin. Camber adjustment range has 
been doubled with this new design. 
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New type bedy mountings have 
been developed for Buick cars to 
limit shim compression. Body mountings 
are of positive preloaded type; they 
have a spacer which limits the amount 
of compression that can be put on the 
rubber shims. This limit was established 
after a series of tests. This type of bolt 
is used on all except the front body bolt. 
Softer lower shims are now used on all 
bolts. Certain of the frame to body 
shims are round because it was found 
during tests that reduced shim area im- 
proved quietness. There is no metal-to- 
metal contact between frame and body, 
but rigidity is obtained primarily 
through the manner in which bolts are 
distributed along the frame. The plane 
of separation between frame and body 
serves as a wall of insulation against 
road noises and vibration. 


FRONT SEAT FRAMES in the Pontiacs are 
made entirely of steel, reinforced with 
a steel tube which follows the top edge 
of the steel framework. 


WAX-IMPREGNATED LINERS are used be- 
tween all spring leaves, except the 
lower three, in the Chrysler Imperial 
rear springs. Besides serving as a dry 
lubricating method requiring no owner 
attention, these liners permit control of 
leaf friction. Spring covers are elimi- 
nated. The liners between top leaves 
have ends protected by fabric sleeves 
which are steel-stapled to the liner. In 
addition the end of the liner is further 
protected by a crimped-on metal flange. 
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Wuick THIN-BABBITT BEARINGS 


NEW THIN-BABBITT BEARINGS are one of 
the most significant developments in 
the 1941 cars. Bearings have been given 
particular attention by designers, be- 
cause with the new high-octane fuels 
and higher piston loadings, increased 
horsepower and torque can be devel- 
oped from a given size of engine. As a 
further step in this direction com- 
bustion chamber and piston head con- 
tours have been redesigned generally 
to obtain higher compression ratios. 

Basic characteristics of all the new 
bearings is the thin babbitt coating, 
usually 0.005 in. or less thick. Chrysler, 
DeSoto, Dodge, Plymouth and Pontiac 
use such a bearing, steel-backed, in 
place of former types which had from 
0.015 to 0.025 in. babbitt on steel back- 
ing. Dodge last year used a tri-metal 
bearing: thin babbitt, bronze and steel. 
Buick’s new bearing has high-lead bab- 
bitt 0.001 to 0.002 in. thick, bonded to 
a sintered powder matrix which is per- 
manently bonded to a steel back. 

The Buick precision-type, steel-back 
bearing was developed to meet the basic 
requirements of a porous matrix or 
foundation firmly bonded to the steel 
backing, carrying a corrosion-resistant 
bearing material which would impreg- 
nate the “spongy” matrix, thus devel- 
oping a bond both metallurgical and 
mechanical in nature. 

Experimental exidence and service 
history indicated that high-lead babbitt 
alloy possessed excellent resistance to 
wear and corrosion. With the alloy rela- 
tively soft, wearing down of crankshaft 
journals and pins would be prevented, 


Babbitt Bonded to Sintered Powder Metal 


Matrix. Steel-Backed 


high-lead babbitt material has been 
known and used for many years, its 
most useful properties have been offset 
by a tendency to fatigue failure. Service 
history showed unmistakably that fa- 
tigue failure, evidenced by cracking 
and actual breaking out of portions of 
the bearing surface, was related to the 
use of a relatively thick layer of babbitt. 

The superiority of these new thin- 
babbitt bearings lies in their greater 
fatigue strength. Studies revealed that 
practically all fatigue cracks were 
about the same depth. Incipient fatigue 
failure begins in the form of fine cracks 
or fissures in the surface, which progress 
radially inward. Eventually, at a certain 
depth these radial cracks are joined by 
short, so-called circumferential cracks 


parallel to the bearing surface and deep 
in the structure of the metal. This net- 
work of cracks results in the loosening 
of large flakes of metal which tear or 
melt out of the bearing. 

With extremely thin layers of bear- 
ing material, incipient fatigue cracks 
no longer developed. Moreover, if radial 
cracks did develop under certain condi- 
tions, the layer of babbitt was too thin 
to allow sufficient plastic flow that 
might cause the development of the con- 
necting circumferential cracks. 

The matrix for the Buick bearing 
consists of pure powders of copper and 
nickel, sintered at a temperature of 
2,000 deg. F. to produce a durable 
bonding of the matrix to the steel back 
in the form of an actual chemical bond 


late 1) Tha 
(292 % lead ) 
0.001 -0.002 ~ 
in. thick 


Thin-babbitt bearing used in Chrys- 
ler line. Babbitt is bonded directly to 
steel back. Pontiac also uses same type. 


Buick bearing—60 diameters—show 
ing the thin babbitt anchored in the 
powder metal matrix bonded to steel. 


thus retaining the original bearing fits 
and, consequently, maintaining fine bal- 
ance and smooth running. Although 
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l onto the surface of the moving strip. 
1 which becomes a part of the steel strip. 
t The strong sponge-like structure con- 
taining interlaced pores or voids and 
hook-like ends is impregnated with 
; high-lead babbitt of 0.001 to 0.002 in. 
1 thickness. Since the inertia loads of a 
f modern high compression, high per- 
e formance engine may exceed 2,000 
pounds per square inch of projected 


Vacuum 


I 
Steel strip 








Steel strip received in reels is made ready for the matrix powder by passing 
through the roller leveler machine in the foreground. The large booth in the back- 
ground is the powder room where the matrix powders are mixed intimately and fed 


bearing area, the steel strip with its 
bonded matrix is pre-loaded during 
manufacture. 


Bearing Production Methods 


To produce this precision bearing, 
a special manufacturing division, em- 
bodying three separate lines, was set 


Molten babbitt 


Hood 
' fevel 


Casting 
gate 


Vacuum tunnel babbitting machine. The steel strip enters at the left, passing 


W- i i 
É through a bath of 92 percent lead babbitt, then through a vacuum chamber which 
| €vacuates pores in matrix and allows full penetration of molten metal. 
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up by Durex. The first line is for the 
application and sintering of the matrix, 
the second for the formation of the 
babbitt coating and the preparation of 
blanks ready for the final forming and 
machining operations, and the third is 
the conventional set-up for finishing 
formed half-shells. 

In the first line, S.A.E. 1010 cold 
rolled strip with thickness held to close 
tolerances, is fed through a roller lev- 
eller, then through an alkaline wash 
and drying machine to clean the sur- 
face of dirt and oil. From the washer, 
the strip is carried into the powder 
room where the intimately mixed pow- 
ders of 60 percent copper and 40 per- 
cent nickel are fed onto the continu- 
ously moving strip. As the strip leaves 
the booth, the steel back passes over a 
brush which removes traces of powder 
and dirt from the underside. The pow- 
der is sintered in a special electric fur- 
nace in a prepared atmosphere at 2,000 
deg. F., resulting in a porous matrix 
of controlled metallurgical character, 
bonded securely to the steel back. The 
powder particles, fused to the steel, 
produce a strong, sponge-like structure 
containing interlaced pores and voids 
with hook-like ends. 

Reels are joined, end to end, by re- 
sistance welding. Next the strip passes 
through a set of chromium-plated em- 
bossing rolls which compress the ma- 
trix under loads as much as 10,000 lb. 
per sq.in., consolidating the powder- 
metal sinter, giving it uniform thickness 
and achieving a permanently pre-loaded 
structure. 

Babbitting is performed in a vacuum 
tunnel machine which holds 10,000 Ib. 
of special alloy, high-lead babbitt con- 
taining 92 percent lead, kept at a pre- 
cise temperature. Molten metal in the 
first stage, held to a definite level, serves 
to seal the passage and to preheat the 
strip. The vacuum chamber, maintained 
at from 6 to 7 mm. of mercury, evacu- 
ates all of the voids of the porous ma- 
trix, and enables the babbitt to reach 
every portion of the “spongy” structure 
to produce a secure mechanical and 
chemical attachment. At the exit stage, 
a mechanism maintains the thickness 
of the babbitt within desired limits and 
the molten bearing metal is “frozen” to 
its desired grain size by rapid chilling 
with jets of cold water. From the bab- 
bitting machine, the strip goes to a 
milling machine fitted with two mill- 
ing cutters—the first a conventional 
down-cut, the second taking a climb 
cut. This operation removes sufficient 
babbitt to produce the desired total 
thickness of the strip. Sufficient stock 
is left to provide an average of 0.005 to 
0.010 in. excess metal for final finishing. 
Parts are tinplated and finish-broached 
to a fine burnished finish. 
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Section Through Control Shaft 
at Gear Shift Lever 


Section B—B 


Die-cast housing is force-fitted over 
steel tubing in Oldsmobile steering 
wheel gear shift assembly. The lower 
edge of the die-casting is peened over 
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Top of plates 


Non-overfill caps limit amount of 
water which can be added to the 1941 
Chevrolet battery. With vent plug re- 
moved, a lead valve seats against the 
valve seat in the cell cover. A rim 
around the valve seat retains a layer 
of water on the seat. When the cap is 
removed, the lead valve drops down 
into the water on the valve seat and a 
water seal is formed. The weight of the 
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Spring 
washer. 
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Section A—A 


a groove in the steel tube. Up-and-down 
movement of shifter arm is cushioned 
by a built-in rubber bumper. Hinge 
point is protected by molded rubber. 


Vent plug 


Vent plug rernoved and 
cell filled to proper level 


Electrolyte 


valve on its seat, plus the water seal, 
traps air at the top of the cell. This 
prevents the addition of more than the 
proper amount of water. When the vent 
plug is screwed into place, the lead 
valve is raised off its seat and the 
trapped air and gas escape. When the 
vent plug is in position, a passage 
around the lead valve is opened which 
allows the charging gases to escape. 


INSTRUMENT PANELS in 1941 Hudson 
have dials and lenses of methyl meth. 
acrylate, illuminated by light from re- 
mote sources, “piped” through the plas- 
tic. The edge-lighting properties of 
methyl-methacrylate have been utilized 
before in other fields, notably -in illy. 
minating the dial of a gasoline pump 
recently described in P. E. A small bulb 
behind the instrument panel furnishes 
the light to the plastic which carries jt 
and distributes it to give a diffused 
and uniform illumination over the dial, 
The edges of the embossed word “Hud. 
son” are roughened so that the name 
stands out against the plastic back- 
ground. This procedure is followed in 
all the lettering on the dials. 


_ Molding 
\ Rubber) 


Reinforcement.” 


Rear window light in 1941 Stude- 
baker. Molded rubber mounting serves 
as reveal, seals assembly against 
leakage, reduces production cost. 


Molding ( Upper) 
( Stainless shel ) 


Molding (Lower) va 
i Snap on 


( Painted ) =~. 


Center trim on Studebaker hood is 
chromium-plated stainless; snaps on 
to painted molding bolted to hood. 


PACKARD INSTRUMENT PANEL is cellulose 
acetate. Speedometer and gages are 
covered with a panel of crystal clear 
plastic. Speedometer pointer is formed 
of an acrylic plastic with light com 
ducting properties. An electric bulb at 
the hub throws light along the plastic 
pointer causing it to glow during the 
various speed ranges. Control knobs are 
chrome-trimmed plastic. The switch 
controlling the instrument panel light 
gives rheostatic control of the degree of 
illumination of the gages and clock. 
Steering wheel is molded hard rubber. 
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Automatic hydraulic window lift 
in the Packard motor and pump unit 
consists of a 6 volt reversible motor 
with a built-in direct connected gear 
pump which circulates hydraulic brake 
fluid through metallic tubing and rub- 
ber hose connections. Motor is a stand- 
ard starter motor with four field coils, 
wound with two coils for pressure, or 
raising rotation, and the other two for 
opposite, or lowering rotation. The coils 
are wound to give approximately the 
same speed in either direction. Fluid 
pump is a conventional gear pump with 
a die-cast housing which also forms one 
end frame of the motor. Gears are 
spiral-cut for quiet operation. A non- 
adjustable, spring-loaded pressure reg- 
ulating valve is fitted in the pump cover; 
a dash pot prevents chatter. This valve 
operates to by-pass the fluid when the 
window reaches its upper limit or when 


I 


Safety rim on Chrysler Corporation 
cars prevents punctured tire from being 
thrown off, enables driver to maintain 
control of car in case of blowout, even 
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it strikes an obstruction. A normally 
closed solenoid-operated valve, fitted in 
the line to each window, is controlled 
by the operating switch of each partic- 
ular door. Within each door and the 
division partition of limousines is a cyl- 
inder and piston assembly, connected 
to the conventional window-regulator 
mechanism, to raise or lower the win- 
dow. Down stroke, which is produced 
by the vacuum created in the cylinder 
by withdrawal of the oil, is supple- 
mented by an assist spring. Double act- 
ing control switches are provided. 

To raise any window, the proper 
switch is moved to the “up” position. 
This starts the motor, and at the same 
time opens the solenoid valve in the 
line to the window allowing oil under 
pressure to flow to the operating cylin- 
der. When in a raised position, the 
window is held by the oil trapped in 


at 50 to 60 mi. per hr. A small hump, 
formed where tire beads seat on rim, 
prevents the tire from sliding down into 
the well. On blowout, tire cannot col- 
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the cylinder by the normally closed 
solenoid valve. To lower the window, 
the control switch is moved to the 
“down” position, starting the motor in 
the reverse direction, again opening the 
solenoid valve, and withdrawing the 
fluid from the cylinder. 

Two solenoid-operated switches are 
in the circuit, one for each pair of field 
windings, with a relay to prevent the 
closing of both switches at the same 
time. The relay is connected to give 
control to the wiring which lowers the 
window; therefore if one operating 
switch is held in the “down” position 
and at the same time some other switch 
is moved to the “up” position both win- 
dows will open. Two or more windows 
may be operated simultaneously in the 
same direction, but not in opposite di- 
rections, and in all cases downward 
movement will dominate. 





lapse completely as beads are held by 
the hump and the tire rolls as if under 


10 lb. air pressure. A special tool 
removes tire. (Continued on next page) 
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AUTOMOBILES of 1941 


Separate letters of the name Hudson either black Tenite Stone shield at rear of 1941 Buick is permanently attached 
or die-cast are attached with integral stud and speednut. to body with special speednut. Assembly is vibration-proof. 


bitin eal 1941 CHEVROLET PARKIN 1941 CADILLAC CABLE 
nes Aao and ) LAMP ASSEMBLY IIN Cable ASSEM BLY 
rubber bumper as 


Plastic molded __ 
ash tray handle 





| nn Nl n I n ran las , 
| Wilh lI] | Oval-shaped speed nutholds NW Clip locks it- 
WAH the lamp socket, it is formed 7 | self in place and 
to fit contour of inner base of „~~ s g cable is snap-7 


by drawing the collar of the rubber grommet 


spring arm of ~~ 
tightly against outer lamp shell 


the clip 


lamp When tightened it forms water seal | ka ped into the \ La 
\\0 


ws 


Instrument-assembly Jens for 1941 Oldsmobile is molded Steering wheel in 1941 Oldsmobile is molded of Lumarith 
of Crystalite. Letters are edge-lighted from remote source. over steel core. Bezels are also Lumarith, handles die-cast. 


Additional mechanical features of the 1941 cars will 
be published in November Modern Designs section 
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GEORGE F. NORDENHOLT, Editor 


Thanksgiving 1940 


WHEN THE PILGRIMS INAUGURATED THANKSGIVING Day 


they came together primarily to thank God through 
prayer for everything they had and for all they had 
accomplished. It is significant that they did not beseech 
the Creator to make things easy for them. Rather, they 


prayed for continued strength in body and soul to the 
end that they might be victorious over the trials, hard- 
ships and dangers they were facing. 


The Pilgrims did not sit down and complain because 
some one else had not come over ahead of them to clean 
out the wilderness and tame the savages. Nor did they 
gather to complain about the progress of their work, or 
to bicker over how much more could have been done—if. 
Their only supplication was for more strength and stamina. 
They expressed thanks for the little they had received in 
return for their gruelling work in the face of constant 
danger. 

We face Thanksgiving 1940 with conditions entirely 
different from those which faced the Pilgrims more than 
three centuries ago. But today’s situation also calls for 
the same stamina, determination, and courage as that 
required of the Pilgrims. Are we showing the same 
spirit ? 

Newspapers and magazines are full of stories that paint 
gloomy pictures about lack of progress in the defense 
program. Reams of paper are used to emphasize the 
“Bottleneck” in machine tools and other equipment. 
Production figures, months old but presented as being 
current, are cited to show that we are making only 400 
Garand rifles a week. that it will take four more years 
to build a battleship, that we are making only 700 planes 
a month, that we are short of everything required to arm 
a force of 2,000,000 men. 


Of course we are short of everything required for an 
army of 2.000.000 men. That is why Knudsen and the 
National Defense Commission are down in Washington. 
And it will be April 1942 before we have all the para- 
phernalia for an army of 2 000,000. But we are making 
progress at a splendid rate. The tremendous capacity 
of American industry to increase rapidly its productivity 


is beginning to be felt. Machine tool production in 1940 
will be almost three times that of 1938; Garand rifles 
are being produced at one arsenal at the rate of more than 
500 per day; airplane production will cross 1,000 a 
month before the year is out, this being more than three 
times the production rate of a year ago; Navy yards 
have gone to multiple shifts and destroyers are being 
launched months ahead of expected schedule; produciion 
of raw and semi-finished materials is no longer a press- 
ing problem. 

We have much to be thankful for this Thanksgiving. 
We are still the richest country in the world and have the 
highest standards of living. We are rapidly on the road 
to becoming the strongest nation in the world, in the 
military sense. Our weakness lies in the fact that we are 
too critical, too unappreciative. Some of us have dete- 
riorated to the state of mind where we expect something 
for nothing. a reward without working or sacrifices. 

Admittedly, the intensive political campaign, which 
will be over shortly, perhaps even before these lines are 
read, has engendered much of the criticism. But regard- 
less of who has been or will be elected, the final election 
returns should signal the return to true Americanism, 
the rebirth of the spirit that filled the pioneers with grim 
determination, the spirit of cooperation that brought 
neighbors together for a house raising bee, the spirit 
that banded people together to face a common danger, 
the spirit that found its guidance in the Golden Rule. 
We must now prove to the atheistic dictators that that 
way of life is the stronger, more enduring, and inher- 
ently victorious. We will do it, but only if we live and 
think according to the fundamental doctrines of true 
democracy, as practiced by the hardy pioneers who found- 
ed this country. “Glory and love to the men of old— 
Their sons may copy their virtues bold,” are the opening 
lines of a stirring song. 

Thanksgiving 1940! We have much for which to be 
thankful. Let us give thanks with a full appreciation of 
the work to be done and the spirit in which it is to be 
accomplished. 
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Axle fatigue testing machine with full size axles under test 


FATIGUE STRENGTH-I 


Of Members as Influenced by Surface Conditions 


O. J. HORGER, Director, Railway Engineering and Research, 


ATIGUE failure generally origi- 
nates at a point on the surface of 
a member because usually with 
normal stress distribution the stress is 
greatest at the surface. Furthermore, 
the stresses concentrate at notches, fil- 
lets and similar shaped influences, thus 
creating highly stressed focal points 
for the beginning of fatigue fractures. 
But independent of such shape effects 
many factors relating to the condition 
of the surface of the member will have 
an important bearing on the fatigue 
strength. Although microscopical irreg- 
ularities and other surface conditions 
usually have little influence on strength 
under static loading they often form 
the nucleus of fatigue failure. 
Not all fatigue fractures start on the 
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The Timken Roller Bearing Company 


surface. Rails often fail from inter- 
nal fissures which under repeated 
stressing are propagated to the outer 
boundaries. Also case carburized, 
nitrided, or metal sprayed parts some- 
times fail in the region of the junction 
of the surface layer and the parent 
material. Castings with internal po- 
rosity, shrinkage cracks or sand spots 
sometimes develop fatigue failure which 
starts below the surface in the region 
of the defects. Such sub-surface de- 
fects, however, constitute a relatively 
small percentage of fatigue failures. 
This article is concerned with the 
type of fatigue fractures initiating at 
the surface. Examples supplemented 
with a correlation of laboratory fatigue 
tests and service failures will be in- 


cluded to illustrate the effects of many 
surface condition factors. By this 
means an approach will be presented 
for the solution of fatigue problems 
which regularly confront engineers. 

Fatigue tests covering various types 
of surface finishes ranging from rough 
turned to superfinishes have brought 
forth practical data. Specimens of 0.3- 
in. dia. were tested in a R. R. Moore 
rotating beam type machine. Specimens 
ranging from 1% in. to 7 in. dia. were 
tested as rotating cantilever beams. All 
specimens were from one heat of S.A.E. 
1045 steel having about 0.47 per cent 
carbon content. The steel was tested 
in the hot rolled or as-forged condition 
without heat-treatment. 

Results of tests on 0.3, 144 and 6 in. 
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dia. specimens are shown in Fig. 1, 
where fatigue strength is correlated 
with the irregularities of surface finish 
as shown by the profilograph records. 
A Brush surface analyzer or Abbot 
‘ profilograph can be used to obtain such 
records. These and additional instru- 
ments for measuring surface finish will 
be found described in detail in the 
book, “The Story of Superfinish” by 
Arthur M. Swigert, Jr., published 
by Lynn Publishing Company, Detroit, 
Mich. (Propuct ENGINEERING page 
384, Aug. 1940) 

While various finishes are here com- 
pared on the basis of depth of irregu- 
larities as measured in micro inches, 
that is, millionths of inches, it is appre- 
ciated that the contour of the surface 
is also important. 

As shown in Fig. 1, the endurance 
value for the 0.3-in. circumferentially 
polished specimen is 30,000 lb. per sq. 
in. but for the same size specimen with 
a turned surface which is over 30 times 
as rough as the polished surface, the 
endurance value is only 28,000 lb. per 
sq.in. or 7 per cent less. Compared to 
the 144 in. specimen with a superfinish, 
the fatigue strength for a 14% in. speci- 
men with a turned surface more than 
100 times as rough is only about 10 
per cent less. Outstanding differences 
are shown in the 17,500 lb. per sq.in. 
endurance limit of the 6 in. members 
as compared with 33,000 lb. per sq.in. 
for the specimen of 0.3 in. dia. ma- 
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OT S OORE E eee 


in rotating bending 
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chined from the outer layer of the 6 in. 
member. Even though the finish was 
40 times as rough on the large member 
as on the small one this fact alone does 
not explain the low value of 17,500 lb. 
per sq. in. The tests results from the 
smaller specimens show that the fatigue 
strength of this material is not very 
sensitive to various types of surface fin- 
ish; furthermore the large member is 
20 times larger in dia. than the small 
one so that, for comparison on the basis 
of geometric similarity, the surface 
finish should have been 800 micro inches 
on the large member. Obviously no 
definite relationships between size of 
specimen, roughness and fatigue 
strength can be formulated from these 
test results. 

The low values of fatigue strength 
such as obtained with the 6 in. mem- 
bers indicate the danger of arriving at 
safe operating stresses on the basis of 
fatigue tests of sample specimens even 
though these are selected from the 
large members. The specific reason for 
this low fatigue strength of large forg- 
ings is not definitely known. Recogni- 
tion has always been given to size effect 
and the lower physical properties 
anticipated with large sections when 
compared with small ones. Processing 
conditions, however, are much different 
for the two specimens, which operations 
naturally introduce additional question- 
able factors. 

Effect of surface finish on shafts of 
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167 
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uniform diameter on which wheels were 
press-fitted are shown in Fig. 2. Fatigue 
failures occurred in the axle under the 
wheel fit. Note that the 134 in. dia. 
shafts having a superfinish show 11 per 
cent greater breaking-off strength than 
those having a smooth turned finish. 
This same material in the heat- 
treated condition would be expected to 
show greater divergence in fatigue 
values of the various surface finishes 
than are exhibited by the untreated 
material cited in Fig. 1. Houdremont 
and Mailander (“Bending Fatigue Tests 
of Steel,” Stahl und Eisen, Number 49, 
1929, pages 833-9) have investigated 
this question for a large number of 
steels, some results are shown in Fig. 3. 
In their investigation 0.3 in. dia. speci- 
mens with both polished and rough 
turned surfaces were tested in rotating 
bending. An 11 thread per in. feed with 
about 0.004 in. deep thread constituted 
the rough turned surface. Fig. 3 indi- 
cates that as the tensile strength in- 
creases the rate of decrease in the 
fatigue strength of the rough turned 
surface is larger than that of the pol- 
ished specimen. Additional test results 
(H. Bucholtz and E. H. Schulz, “The 
Question of the Fatigue Strength of 
the High Value Structural Steel 52,” 
Mitteilungen aus dem Forschungs In- 
stitut, Vol. 2, Number 6, 1931, pages 
97-112) are given in Fig. 4 for materials 
with specifications as indicated, the 
types of specimens and surface finishes 
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Fig. 1—Endurance fatigue limit in rotating bending for various specimens correlated with different surface finishes 
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Fig. 2 


were the same as those shown in Fig. 3, 
by Houdremont and. Mailänder. 

Longitudinal polishing would be ex- 
pected to give higher fatigue values 
than those obtained by circumferential 
polishing which was used to obtain the 
results presented in Fig. 1. Surface 
finish marks in planes transverse to the 
direction of stress have detrimental 
effects on the fatigue strength. An ex- 
ample of this is shown in Fig. 5 where 
fatigue failure developed in a 6 in. dia. 
member in the plane of the tool marks. 
Service performance of springs and 
axles are good examples of parts where 
longitudinal cracks have been found to 
have little or no influence on the bend- 
ing fatigue strength. This is true where 
only bending stresses are present. In 
the presence of torsional stresses such 
longitudinal defects have an appreci- 
ably detrimental effect. 

If plain specimens subjected to re- 
versed bending stresses under atmos- 
pheric conditions do not fail within 10 
million reversals of stress it is usually 
considered that they never will fail. 
Laboratory experience indicates that 
this is not always true and that failures 
do sometimes occur between 10 and 50 
million reversals. This may be partially 
explained by the incidental irregulari- 
ties present in surface finishes which 
are presumably the same or by varia- 
tions in certain surface conditions. For 
instance, polished surfaces are accom- 
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—Breaking-off strength of axles in wheel fit correlated 
with aaa finish profilographs from axles before test 


panied by residual compressive stresses 
and the so-called Beilby amorphous 
layer which differs structurally from 
the base material. Also, local heating 
may be produced in dry grinding which 
will give rise to detrimental residual 
tensile stresses in the surface. Again 
in turning, a clean or a torn and smeared 
surface may result depending upon 
conditions of cutting velocity, angle, and 
feed of cut. Roughing cuts may be taken 
so’ deep that the metal is damaged to 
a depth which will not be removed by 
the smooth turning operations. 
Examples of the effect of turning 


o Rough turned 
A Polished 
A Rough turned 
x Polished 
+ Rough turned 


} Annealed 
} Quench and temper 
} Acid steel 





Tensile Strength, 1,000 Lb. per Sq. In. 


Fig. 3—Relation established by Houdremont and Mailänder 
between endurance limit and tensile strength for various steels 


conditions on fatigue strength are given 
in Table I. These data obtained by E. 
Siebel and W. Leyensetter (“Influence 
of Cutting Speed on the Fatigue 
Strength of Test Specimens,” Zeitschrift 
des Vereines deutscher Ingenieure, 
Vol. 80, Number 22, May 30, 1936) on 
cold drawn ¥% in. bar stock of 0.25 per 
cent carbon steel indicates that the 
cutting depth has little effect upon the 
fatigue strength. However, the amount 
of feed and cutting velocity are most 
important, which under suitable con- 
ditions can result in as much as 25 
per cent increased fatigue strength 


Table I—Influence of Cutting Speed on Fatigue Strength 
(E. Siebel and W. Leyensetter) 


CUTTING 
Deptn, IN. 


FEED 
In. PER Rev. 


0.040 
0.040 
0.008 
0.008 
0.010 0.012 
0.010 0.012 


Polished condition for comparison 


0.0012 
0.0012 
0.007 
0.007 


SPEED, FT. PER MIN. 


ENDURANCE LIMIT IN 
ALTERNATE BENDING, 
LB. PER SQ. IN 


CUTTING 


39,100 to 46,200 
46,900 to 49,000 
40,500 
36,900 
39,100 
36,900 
49,700 


66 to 74 
387 to 415 
82 
328 
49 
394 
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Fig. 4—Relation between fatigue strength and ultimate strength of steel specimens with polished and turned surfaces as established 
by investigations as conducted by Buchholtz and Schulz 


which approaches the value for a pol- 
ished specimen. The lower cutting 
speeds introduce greater scatter. To re- 
duce the effect of tool wear cutting 
was done with a Widia-X tool. 

Original investigations of the effect 
of machine finishes upon fatigue 
strength of materials were initiated 
some years ago by W. N. Thomas and 
H. F. Moore, their results are published 
with those of others in “Fatigue of 
Metals,” McGraw-Hill Book Company. 
See “Influence of Chemically and Me- 
chanically Formed Notches on Fatigue 
of Metals,” by D. J. McAdam, Jr. and 
R. W. Clyne in Journal of Research, 
National Bureau of Standards, Vol. 13, 
Oct. 1924, for a later review of this 
subject. 


Epitor’s Note: Part II of this article 
will be presented in the December num- 
ber. This second installment in the 
series will describe the work of the 
author and various investigators deal- 
ing with the effects of endurance raising 
operations on machined surfaces such 
as burnishing, rolling, fillet rolling, 
compressing material -in critically 
stressed regions around holes and 
threads, and press-fitting have on fa- 
tigue endurance limits. The influence 
of surface conditions on fatigue of mem- 
bers under alternate torsional loading, 
the characteristic differences in stress 
distribution under torsional loading 
which lead to odd types of fatigue frac- 
tures, and directional properties im- 
posed by rolling mill practice will also Fig. 5—Fatigue failure of a 6 in. dia. shaft. Failure developed in different planes 
be discussed. which correspond with feed of machining tool 
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Modern era 


Alloy Cast Iron for Heavy Duty Applications 


Toggles and backing plates in 
cold heading machines of the 
Ferry Cap & Set Screw Company 
wore rapidly and did not possess 
much over-load capacity. To 
eliminate shutdowns, these parts 
have been redesigned. 


Foundry engineers devised a new 
method for casting the toggles with a 
lug of metal at the bearing hole, as 
shown in line cut, to assure boring a 
concentric bearing surface in perfect 
alinement. This hole is then broached, 
cut to dimension and the bearing sur- 
face carefully shaped. Toggles cast 
in Meehanite have long service life 
because the knuckle bearing surface 
of this metal used in connection with 
a steel shaft provides a finish which 
cold works and is self-lubricating. 
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Feed rolis, shown at right, previously were hardened tool 
steel ring on a cast iron hub. The action of the machine 
tended to skid the feed roll on the wire and wear a series 
of flat spots on the ring. Many materials hard enough to 
withstand wear and crushing had a tendency to scratch the 
rods. After some experiment, the feed rolls were cast in 
Meehanite. The Meehanite structure contains finely dis- 
persed graphite particles which act as a lubricating aid. The 
castings are single units, require no special fabrication. 
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Of lightweight construction, in 
which high-tensile steels and 
aluminum alloys predominate, 
this new streamlined motor- 
driven railear was built by the 
A.C.F. Company for commuter 
service on the New York, Sus- 
quehanna & Western. It is 
driven by a horizontal Wauke- 
sha semi-diesel engine through 
a Twin-Dise hydraulic torque 
converter and is equipped with 
a 61% ton capacity all-weather 
air conditioning system, electro- 
pneumatically controlled. 


| | notches for 


| | and reverse 





Power axle design incorporates two floating spiral bevel 
gears always in mesh with a drive pinion keyed to the pro- 
peller shaft from the torque converter. Forward or reverse 
operation of the car is accomplished by operation of a dog 
clutch which locks one or the other floating spiral gears to 
the axle drive shaft. Details of the design are shown below. 


Propeller shaft. 
Shims 
Bevel gear . N 


Driving pinion 


Propeller shaft 


Bevel gear 
adjustment 
locking pin, 
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Railear Driven Through Hydraulic Torque Converter 


i Engaging - s J 40g, wedge- 
' forward neutral 


| positions of z iH. = Shift lever 
| Shift lever FARN extension 








Spring-loaded 


shaped nose 
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Forward and reverse shift is ac- 
tuated by air cylinders controlled by a 
toggle switch on the operator’s panel 
beard. Two half-cylinders, mounted 
on the axle housing, throw the shifting 
fork. Engaging notches on the shift 
lever extension provide positive locking 
of the lever in any one of three posi- 
tions. As a safety feature, the mechan- 
ism is arranged so that the axle clutch 
cannot be shifted unless an emergency 
application of the brakes has been 
made. With pressure in the emergency 
line, a pneumatically operated relay in 
the line closes the electrical circuit 
that controls shifting. Movement of 
the shift switch then energizes the prop- 
er one of two magnetic vaives to open 
the air line to the proper shift cylinder. 
End play in the completed axle assem- 
bly is taken up by shims. Torque arm 


is cushioned. à 7 
(Continued on next page) 
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MODERN DESIGNS = Streamlined Motor Railear /Contin:ed) 


Fuel injection 





#Horizontal-type Waukesha diese! 
Six-cCylinder, 290 hp. at 4800rpm. 
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Fuel system operation. When the suction side of the supercharger line contraction caused by temperature a 
accelerator pedal is depressed, it puts and admits more air, thus decreasing valve is provided in the master cylin- 
pressure on fluid in a Bendix master the vacuum in the suction line. A va- der. When the throttle control pedal 
cylinder, which pressure is carried by cuum-operated fuel pump regulator is released it spring-lifts a piston rod, 
a tube to a slave cylinder mounted at then permits spring pressure in the As the rod approaches its limit of travel 
the engine. Slave cylinder piston actu- regulator to increase injector pump it brings piston against a stop. The 
ates a governor accelerator to change stroke, thus feeding more fuel. rod continues to travel until the plunger 
spring tension on the governor lever. To maintain a full system at all bears against a stop pin permitting 










This lever opens butterfly valve in the times and to allow for expansion and fluid to flow around the valve needle. 
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TORQUE CONVERTER 
FLUID SYSTEM 
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Hydraulic torque converter, de- ment which provides torque multiplica- directly to the drive axle. A Twit 
scribed in Propuct ENGINEERING, De- tion for acceleration and performance Dise clutch, air-actuated, engages hy: 
cember, 1939, page 564, is divided into on heavy grades, and the other a direct draulic or direct drive. Fluid is cooled 
two elements, one the hydraulic ele- drive element which couples the engine by water from the engine radiators. 
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Cooling of engine water is accom- 


plished by two water tube radiators 
mounted in the shape of an inverted 
“V” and located between two bulkheads. 
Two opposed fans are mounted in each 
bulkhead to draw air through louvres 
in the car side. Radiator shutters for 
cold weather operation are operated by 
thermostatically controlled air cylin- 
ders. Movement of 22 in. of the ther- 
mostatic element operates the needle 


valve controlling air admission to these 
cylinders. An air filter in the air line 
to the thermostatic valve removes oil 
or sludge. Water pump, of 225 gal. 
per min. capacity at 1,800 r.p.m., is 
V-belt driven from the front end of the 
engine crankshaft. 

Radiator cooling fans are cast alu- 
minum, and have a steel adapter pinned 
to the hub. This adapter is splined to 
the hollow fan shaft which is also V- 
belt driven. Entire fan assembly is 
statically and dynamically balanced. 
Alemite fittings on extensions from 
shaft bearings provide lubrication. 
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/4 1b. per sq. in. 


r ih _.---Needle valve 
-Gage Supply duct 
modulated 
temperature 
controller 


Pneumatic 
electric 
motorized 
modulating ©& 
hot water valve 





Pneumatic temperature - control 
system is essentially based upon the 
supplying of compressed air to a closed 
piping system at a certain rate and re- 
moving it through controlled nozzles 
at rates which will allow pressure varia- 
tion from 0 to 14 lb. per sq.in. Movable 
diaphragms or bellows attached to this 
closed system operate electric switches 
which control the electrical parts direct- 
ly or through relays. The main ther- 
mostat / is mounted in the exhaust air 
duct. The pivot end of the flapper 
lever is attached to a pair of concen- 
tric bellows. The position of the inner 
bellows is determined by the pressure 
in the humidity compensator 2 control 
tube. The position of the outer bellows 
depends on the outside compensator 3 
control pipe pressure. The humidity 
compensator is a part of J instrument 
and exposed to the same air stream. 
Instrument 3 is mounted in one of the 
outside air ducts. The humidity com- 
pensator 2 and door compensator 3 have 
a pressure-regulated air supply line 
giving 10 lb. per sq. in. The outside 
compensator 3 readjusts in the cooling 
season the control point of 7 thermo- 
stat. The humidity compensator 2 
functions in all seasons. At 60 percent 
and 30 percent relative humidity the 
respective pressures are 4 and 10 lb. 
per sq.in. in its control pipe connected 
to the inner bellows of 7. Thus, the 
two compensators separately or to- 
gether determine the position of the 
pivot end of the flapper of thermostat 
1. Therefore, 1] instead of holding a 
fixed temperature has 74 deg. to 78 
deg. F. variation of control point de- 
pending on conditions at compensators. 
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MODERN DESIGNS = Engineering Features of 1941 Cars 


Because of space limitations in 
the October number, it was not 
possible to present all of the 
material collected on the design 
features found in the 1941 auto- 
mobiles. Therefore these two 
pages will be followed by the 
final two pages in December. 
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All surfaces must be free 
of all scratches, ridges, 
burrs or other imperfections 


Clearance for interior radio 
aerial is provided by an offset bracket 
for mounting ball-and-socket joint of 
the Studebaker rear-view mirror. 


Plastic insulation 


wool 
insulation 


Rock wool insulation is used in the 
space between the cowl sides and cowl 
trim panel on either side of the toeboard 
for the 1941 Pontiac. The solid grid 
front floor is completely covered with 
sound-deadening and temperature-resist- 
ant padding. Dashboard insulation con- 
sists of an increased thickness of jute 
and insulated felt. 


_—/nsulating À 
Jute =-~- $ 
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--- Pressed 
trim board-~ 


Insulating-~ 
e/t 9 
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Spring attachment 
for latch assembly 
p on right hand side 


of car 


Ventilator-open 
position 


Three position positive latch 
mechanism for the Studebaker fresh-air 
intake doors. 180 deg. angular rotation 
of handle in either direction moves 
drawbar forward or backward one posi- 
tion. Two equally spaced crankpins 
mounted on a rotating disk cause draw- 
bar to move through engagement in 


DIRECT ACTING SHOCK ABSORBERS are 
mounted inside coil springs in the senior 
Nash series. Upper controls arms are 
rubber-insulated. Rear springs are pre- 
lubricated and inclosed in metal covers. 
Fixed ends are mounted in rubber bush- 
ings; front ends of springs have been 
lowered to decrease wind-wander. Mo- 
tor is cradled in the secondary frame, 
an integral part of the “Unitized” body. 


Spring position 
for assembly on 4 
left hand side of car ~ 


semicircular grooves. Mechanism is de- 
signed for mounting on either side of 
car. When on the left hand side, spring 
attachment point is at bottom; for right 
hand mounting, assembly is turned over 
and spring attachment point is at top. 
All pins are same size; drawbar guide- 
way is spot welded to attachment plate. 


THREE ADDITIONAL NEEDLE BEARINGS 
replace the pin and socket bearings 
formerly used in the Cadillac clutch 
release lever, to provide smoother 
operation. Anti-friction washer, placed 
on the driving side of the clutch release 
lever, eliminates squeaks. The disk 
clutch of the Torbend type described 
in P.E., Nov. 1939, p. 465, is continued 
in the 1941 models. 
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Adjustable bracket. Provides for--~. 
proper adjustment of grille to ` 
hood nose Š 















-Hood top panel held 
open with support arm 





Arm folds out of way for 
closing hood 





« To open hood:- A 
| -Release fastener handle--- 
+--2-Push in on safety catch as 
Shown and hold until hood 
has been raised. Catch is self- 
acting when closing hood 







Hood fastener mechanism “locked.” 
Hood held securely while mechanism 
acts as hinge when opening opposite 
side of hood 


Adjustable link, ogee! posi- 


Pilot--~, tion of hood fastener 


Fastener 


So that doór will clear 
hood in opened posi- 
tion this point on hood 
must be in contact 
with shroud 





Hood fastener mechanism “locked” 
Hood tòp panel held closed with pilot 
and fastener at four places 


One-piece side opening hood. 
1941 Buick has a side hood latch mech- 
anism. To open the hood, one side is 
unlatched and the entire top raised, op- 
posite latches serving as hinges. The 
hood may be lifted from either side, or 


Electromatice cluteh for 1941 
Packards. With accelerator pedal re- 
leased, gear shaft lever movement into 
the first speed position causes the first 
and reverse switch to ‘energize the 
solenoid. Movement of solenoid com- 
presses to a predetermined, fixed value 
a diaphragm spring in the clutch con- 
trol operating valve. As the accelerator 
pedal is depressed, the vacuum in the 
master cylinder is reduced from its 
maximum to an amount just sufficient 
to balance the clutch spring load at the 
initial engaging point. This insures 
smooth clutch engagement in low, or in 
reverse gear. After the car is accelerated, 
with accelerator pedal released, manual 
shift is made into second gear. This 
breaks the circuit on the first and reverse 
switch, de-energizing solenoid and re- 
leasing the diaphragm spring. When 
the accelerator pedal is released and 
manual shift made into high gear, a 


November, 1940 





Hood fastener mechanism in 
“unlocked position (hood held 
closed by spring safety catch 
at ail times except when pushed 


to one side by hand as noted above) 


can be removed entirely by unlocking 
both fasteners. Pivots in fender side 
assure alignment. A safety arrangement 
eliminates any possibility of the hood 
coming off if both fasteners are left in 
the open position. When the latch is 
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Direct speed 
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Clutch contro! 


operating valve- E 


4 


Clutch operating _-- 
cylinder------- n 


governor switch prevents clutch release 
above 12 m.p.h. except when the direct 
speed switch is used. This permits the 


Bend this part of bracket in un-' 
til rear end of hood touches---+ 
shroud as indicated above 


open, a red rubber coated rod end is 
exposed. This must be pushed toward 
the center of the car to permit lifting 
of the hood. When the hood is lowered, 
the safety catch automatically swings 
into the locked position. 


rFirst and reverse 
, solenoid 


4 / „Dash relay 


z” Algnition switch 


AN a -Instrument board 
lockout switch 


_---Accelerator pedal 


Ny Second speed 
x< solenoid switch 
Att “First and reverse 
solenoid switch 


~~Governor 
Direct speed solenoid switch 





motor to be employed as a brake when 
decelerating, and eliminates free wheel- 
ing in high except in low speed. 
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MODERN DESIGNS = 


Gear shifting mechanism for the 
1941 Buick has the control tube concen- 
tric with the steering column mast chas- 
sis. The tube is insulated against rat- 
tling and has sufficient clearance in 
lubrication at assembly to prevent bind- 
ing. The shifting pattern is the same as 
for 1940. Movement of the shift lever 
parallel with the steering column actu- 
ates a flat rod in the steering column 
between the control tube and mast 
chassis and through proper linkage se- 
lects the gear. Up and down movement 
of the shift lever at right angles to the 
steering column revolves the control 
tube concentric with the steering column 
and through linkage to the shift lever 
on the transmission meshes the gear. 
Lever ratios are sufficient to provide 
easy shifting. Freedom from rattles 
without lubrication is provided through 
the use of rubber grommets and com- 
position washers along with anti-rattle 
washer pins and levers. An over-center 
spring on shift lever assists shifting. 


Functionally redesigned, the new 
Schick shaver, developed by Raymond 
Loewy in collaboration with Schick en- 
gineers, has a larger, more efficient 


RANDOM JOTTINGS 
ABOUT 
NEW DEVELOPMENTS 


ONE OF THE LARGEST thermoplastic 
pieces ever produced in this country 
is the twenty-six ounce, transparent, 
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motor and a built-in radio static sup- 
pressor. The housing, molded of Beetle- 
ware in two parts, has a bead of plastic 
along the seam to take care of any pos- 


methy!-methacrylate front for the Eu- 
gene hair dryer, molded at Pittsfield 
plant of General Electric Company. 


* * * 


WHEELBARROW TIRES having the advan- 
tages of penumatic and solid types have 


sible warpage in the plastic material. 
The fluted lines of the shaver continued 
on the rubber plug provide continuity in 
the design. Starting wheel is at rear. 


been developed by the B. F. Goodrich 
Company. New tire, which has a body 
of cushion rubber, combines lightness, 
streamlined appearance and low cost, 
yet has load carrying capacity of a + 
ply pneumatic tire. Punctures are not 
possible; tire requires no servicing. 
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SHOCKS AND IMPACTS 


In Machinery Having Jointed Elements 


ETTER technical definitions of 

the words shock, knock and im- 

pact would be welcomed by en- 
gineers, however, no confusion should 
exist regarding the phenomena accom- 
panying sudden acceleration. In an 
article in PropucT ENGINEERING (“Velo- 
city-Graph Analysis,” July, 1940) cer- 
tain printing-press troubles and their 
successful correction, were described. 
The ill effect, called “shake” by its 
author, of a press was eliminated by 
reducing the acceleration of the dis- 
turbing mass. Yet it was declared 
that “knocks have nothing to do with 
the changes of acceleration.” The con- 
clusions arrived at regarding the causes 
of noisy disturbances seem to be illogi- 
cal. During experiments a knock 
occurred which was found to be caused 
by normally alined mating gear teeth 
becoming misplaced while running, and 
thus interfering. The misplacements 
were caused by shaft deflections result- 


— —> 
Downwardly Upwardly 
acting accel- acting accel- 
erating (or erating (or 
retarding ) retarding ) 
forces forces 


Max. 


force 
Top of 


Approx. middle 





of stroke 


FREDERICK FRANZ 


Consulting Engineer 


ing from forces of acceleration. Ergo, 
all knocks result from misplacement 
caused by acceleration! 

The words shock, knock, impact and 
impulse can all probably be defined as 
suddenly applied forces, and sometimes 
the effects thereof. The forces may be 
uniform throughout time, or may vary 
from zero to maximum and back to 
zero again, or may follow any law dur- 
ing their existence. 

Shocks in machinery are generally 
caused by two or more masses striking 
each other. To illustrate the usual 
type of knock occurring in machinery 
having jointed elements subjected to 
changes in direction of acceleration, 
consider what happens in one revolu- 
tion of an ordinary engine, and for the 
moment neglect the forces exerted by 
gas pressure and gravity. 

When the crank in Fig. 1 is rising 
from the bottom of the stroke B, and 
thus beginning to lift the piston the 





Zero 
force 


Forces acting 
between pin 
and piston 


Silent 




















Fig. 1—Acceleration diagram and successive positions of engine piston to show where 


knock occurs in a loose wrist pin bearing 


November, 1940 


wrist pin clearance is at the bottom. 
As the rod rises it accelerates the pis- 
ton. The accelerating force acts on 
the piston through the pin. The accel- 
erating force on the piston is a maxi- 
mum at the bottom of the stroke as 
shown at A. Although the velocity up- 
ward is increasing, the accelerating 
force on the piston is simultaneously 
decreasing, and reaches zero at about 
the middle of the stroke when the veloc- 
ity of the piston and of the pin are the 
greatest, and of course, equal. At posi- 
tion C, however, the piston continues 
rising at undiminished speed in accord- 
ance with Newton’s first law of motion, 
while the pin begins to be retarded. 
The piston runs ahead of the pin by 
an amount equal to the clearance in 
the pin bearing and strikes the pin, 
because, during this interval, the speed 
of the pin has been retarded according 
to the kinematic laws of the crank 
chain. 

At D the instant of striking the pin, 
approximately at the center of stroke 
there is a shock, knock or impact. If 
there is no auxiliary vibration the pin 
will now be continually retarding the 
upward motion of the piston until both 
pin and piston reach E, the top of their 
stroke. During this ascension from the 
middle to the top of the stroke, the 
retarding force acting on the piston has 
been increasing, attaining maximum 
value at the top where the motion is 
instantly reversed. After reversal the 
accelerating force still acts downward. 
Note that there is no knock at the top 
dead center. 

The downward velocity of the pin 
increases while the pin pulls the piston 
downward until the center of the stroke 
is reached. Here the acceleration of the 
pin changes to retardation, the piston 
runs ahead of the pin, and another 
knock occurs. No knock occurs at bot- 
tom dead center. for the same reason as 
at top dead center. 

The question of what type of acceler- 
ation curve to employ at the source of 
movement, with cams for example, in 
specific high speed mechanisms should 
be based upon a study of the clearances 
in the mechanism and their effect. 
Mechanisms like crank chains the pri- 
mary movement of which can not be 
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Acceleration 


Velocity 


Fig. 2—Acceleration-time curves and relative velocities of clearance impacts for grav- 


ity, simple harmonic and cube curves 


greatly altered, should be critically 
studied at all points where changes in 
acceleration occur. 

The object in every instance should 
be to reduce the velocity of impact in 
each joint when the acceleration of the 
mechanism changes the direction, sense 
or magnitude of the transmitted forces 
in such a way as to affect the clearance 
in the joints. This can invariably be 
accomplished by reducing to a mini- 
mum the acceleration (change of veloc- 
ity) during the time when reversals 
of the direction of forces occur in the 
joints of the linkage. 

Consider the acceleration-time curves 
shown in Fig. 2, which are frequently 
used in connection with cam operated 
linkages. At A is shown the usual 
gravity curve, which imparts a uniform 
acceleration to the follower. But note 
that the force ab suddenly acts upon 
the follower mass at the instant a. If 
this force is great enough it is tanta- 
mount to a shock, even though the cam 
appears to have a “slow,” “easy” or 
“gradual” start, without the apparent 
sharp corner that is evident at the be- 
ginning of uniform rise cams, although 
the mechanism joints may be tightly 
fitted. If the acceleration be low enough, 
the masses of the linkage low enough, 
the stiffness great enough, and the 
clearances small enough, no noticeable 
noise may result. And if the elements 
are designed strong enough to resist 
this accelerating force, a successful 
linkage will result. 

But if the magnitude of the acceler- 
ation be increased, the masses of the 
linkage increased, and the stiffness of 
the linkage decreased, while the clear- 
ances be increased, a point will be 
reached when a noise will be heard. 
It will be heard as a shock or knock 
at the beginning of the stroke in the 
event that the design is such as to allow 
the cam to take up the clearance and 
gain velocity before overtaking the 
linkage. Or it will be heard as a rattle 
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or vibration following the beginning of 
the motion in the event that the clear- 
ances are on the other side and are not 
first “taken up.” The rattle will then 
be caused by the alternate disposition 
of the clearances from the near to the 
far side, as a result of the springiness 
of the mechanism and the decay of the 
natural vibrations in the linkage cre- 
ated by the suddenly applied accelerat- 
ing force. Or noises from both sources 
may result. This rattle will occur dur- 
ing the time b to c, Fig. 2(A). If the 
rattle is damped out before reaching c 
another jolt will occur there. 

While travelling from b to c, Fig. 
2(A), the masses in the mechanism are 
being uniformly accelerated. At cd 
the acceleration suddenly changes to 
retardation and the masses are thrown 
to the other side of their clearances, 
resulting in a shock. 

From d to e, Fig. 2(A), retardation 
continues with disturbances similar to 
those described from b to c. At f dis- 
turbances similar te those occurring at 
a may be experienced, depending upon 
the location of the clearances after the 
mechanism has come to rest. 

The sine curve (simple harmonic mo- 
tion) for acceleration shown in Fig. 
2(B) has characteristics similar to 
those of Fig. 2(4). The effect at ab is 
slightly more vigorous because the ac- 
celeration must be greater to effect the 
given movement in the same time as 
the uniform acceleration, but the effect 
at c is greatly improved. This can be 
best understood by referring to the cor- 
responding velocity diagrams. Both 
show that the maximum velocity is 
reached at the center of the stroke. 
After passing the center the follower 
continues with uniform velocity v or v, 
as long as the clearance space is being 
traversed. It will be noted, however, 
that the cam velocity at the center of 
the stroke, in A, departs from v much 
more rapidly than the cam velocity in 
B, departs from v,. Therefore, when 


the clearances. are.. overtaken..hy the 


cam, the velocity of impact (the blow) 
will be greater for Æ than for B. In 
A, and B, the short ordinates v,., and 
and vre show the relative velocity 
of the cam and the follower-mass at 
the moment of impact. 

The cube curve, shown in Fig. 2(C), 
so called because the uniform rate of 
acceleration part of it results in a cubic 
equation for the space-time curve. has 
the advantages of the central part of 
the simple harmonic curve, at both its 
center and ends of movement. Shocks 
at the beginning and ends of its stroke, 
which result either from clearances or 
from suddenly applied calculable ac- 
celerations can be made less than in the 
other forms. 

Certain reciprocating or intermittent 
mechanisms such as uniform rise cams, 
ordinary intermittent gears, spring re- 
tracted free masses, non-tangential 
Geneva motions, and others, are inher- 
ently shock-producing elements even 
when clearances do not exist in their 
kinematic chain. In these a known mass 
attains a known velocity with which it 
strikes another mass. The energy of 
impact is converted into a force which 
deflects parts of the mechanism. The 
product of the deflection and the aver- 
age force of the blow must always equal 
the energy imparted to the follower. 
If for any given blow the force is a 
measure of the disturbance created, it 
follows that it is always advisable to 
increase the deflection and thus reduce 
the force. 

When the sound emitted by a knock 
is audible, it is usually a noise and 
not a true sound, that is, it has no re- 
current periodic frequencies and rap- 
idly damps out. When shocks or knocks 
occur at rapid frequency the resulting 
noise may be called rattle or clatter. 

Excessive quivering and vibration of 
machines when present at only certain 
speeds and absent above or below those 
speeds are the result of another phe- 
nomenon known as resonance. Because 
elements of machines have springiness 
and mass they will vibrate at a certain 
natural period. 

Troubles from knocks in mechanisms 
are sometimes elusive and defy solu- 
tion, but a careful analysis of the clear- 
ances, masses and stiffnesses of the 
parts. and a study of their relation to 
the maximum acceleration or to the 
points where accelerations change, gen- 
erally results in a cure or mitigation 
of the evil. It is safe to say that if 
mechanism could be constructed with 
great stiffness and no danger of lost 
motion, the best form of intermittent 
motion for fast operating machinery 
would be instantaneous and maximum 
acceleration followed by instantaneous 
and maximum retardation. 
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CAUSES 


AND CURES 


Propuct ENGINEERING will pay $3 for each example published in Causes and Cures. 
Where illustrations are necessary, include drawings, rough sketches or photographs 


Seam deposits on the glass walls of 
a constant temperature bath used in 
plastic viscosity measurements hindered 
observations and necessitated frequent 
cleaning. Engineers finally put three 
ten-cent goldfish in the bath. Result: no 
more scum. Even the goldfish seem 
quite happy about the whole affair. 
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-- Insulating 
welding cable 





Excessive heat in an electrode holder handle while arc 
welding with a 14-in. diameter rod was causing trouble for 
the operator. An inspection showed that the soft soldered 
connection between the holder and welding cable had melted. 
Naturally, the poor electrical contact built up excessive heat 
rapidly. The trouble was cured permanently by rejoining 
the cable and holder with a silver brazing alloy. 
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Vibration of 120 cycles would be caused in this long two- 
pole rotor for Westinghouse turbine generator by the fact 
that deep slots cut in opposite sides for field windings have 
reduced the rigidity on one major axis, thus creating a varia- 
tion in the sag of the rotor as it revolves. Vibration would be 
slight, but troublesome to bearings, collector rings and 
brushes. Cure was to let the rotor sag, but to equalize rigid- 
ity of major axes by cutting slots at intervals across unslotted 
sectors of the rotor forging as shown. This reduced shaft 
movements from about 0.008 in. to less than 0.001 in. 


SYNTHETIC RUBBERS which are doing wonders in many 
applications are the cause of trouble in certain uses if oper- 
ating conditions are not studied carefully and if the prop- 
erties required of the synthetic rubber are not specified. 
One designer used seals of a certain synthetic rubber but 
found that they tended to seize the shafts. A seal made of 
another type of synthetic rubber proved satisfactory. 


MANY FAILURES OF CRANKSHAFTS and crankcases of a new 
aircraft engine were reported after the engine was put into 
actual service. Subsequent extensive laboratory tests resulted 
in no failures, proved nothing. Block tests could not dupli- 
cate service conditions. Engineers finally painted brittle 
lacquer (see Propuct ENGINEERING, June, page 266) on the 
crankcase and crankshaft of several engines which were then 
flown for various lengths of time. Study of the resulting 
cracks in the lacquer showed that the engine was not rigid 
enough. Extreme flexures of the airframe under flight condi- 
tions were causing the failures. Cure is still being worked 


out, but will probably be ribs added to increase rigidity. 
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Oficial Photograph U. S. Navy 


ENGINEERING FOR DEFENSE 


HOSE who actively participated 

in the production of arms, ammu- 

nitions and equipment for World 
War I will remember the confusion and 
delays caused by the engineering de- 
signs and specifications. Much of the 
trouble was blamed on materials specifi- 
cations. Some were not in conformity 
with industrial practices, many specifi- 
cations overlapped or conflicted, and 
Army and Navy specifications were not 
coordinated. There were also some out 
and out mistakes in engineering designs, 
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GEORGE F. NORDENHOLT 
Editor, Propuct ENGINEERING 


How the Army and Navy engi- 
neers through united effort and 
with the welcome help of in- 
dustries, technical societies and 
educational institutions have 
standardized designs and speci- 
fications for the materials and 


machinery of war 


but when measured in terms of the vast 
number of drawings that were turned 
out by the engineering departments for 
the Army and Navy, the design mistakes 
were few and far between, and relatively 
insignificant. However, it cannot be de- 
nied that much time was lost and money 
wasted because Army engineering and 
Navy engineering were not coordinated 
and sometimes were not in conformity 
with the practical requirements and 
limitations of industry. 

Naturally, engineers and laymen alike 
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are now asking whether the confusion 
and conflict in specifications and designs 
that existed during World War I will be 
repeated. What, if anything, has been 
done to standardize Army and Navy de- 
signs and materials specifications? Are 
the specifications today more in con- 
formity with commercial industrial pro- 
duction? What is the situation with 
reference to the so-called “frozen de- 
signs” that are mentioned frequently? 
Is the quality of the engineering designs 
produced by the Army and Navy good, 
bad or mediocre? How does it compare 
with the best engineering produced by 
industry? What is the situation as to co- 
operation between the Army and Navy 
and industry? The answers to these 
questions are of profound significance. 
European correspondents have reported 
that Hitler fears nothing in the world 
except the power of the American in- 
dustrial system put to the purpose of 
producing war materials. Have the 
Army and Navy engineered, standard- 
ized and coordinated their requirements 
so that American industry will be able 
to produce at its best? 

Unfortunately, numerous recent sto- 
ries have painted discouraging pictures 
about the progress in the preparedness 
program. Some of these stories were 
obviously based on rumors with embel- 
lishments added. Many of them are 
merely the opinions of laymen who know 
little or nothing about either engineer- 
ing or military affairs. Some of the 
stories and gossip cite conditions that 
existed during World War I without 
bothering to mention whether or not the 
conditions referred to have been cor- 
rected. The fact is that in our Army 
and our Navy we have-the finest engi- 
neering organizations in the world. 
They have pooled their knowledge and 
experience, are cooperating as a unit, 
and are working with industry and the 
leading engineering societies to the end 
that the U.S.A. will possess in a mini- 
mum of time the world’s most powerful 
and most effective armaments in quanti- 
ties far in excess of anything ever pro- 
duced. And it is being done with an effi- 
ciency not even suspected by the average 
layman. 

A complete picture of Army and Navy 
engineering and how it is functioning 
can be gained only by a first-hand study 
of the methods used’ and by personal 
contacts with the men who do the work. 

The nerve centers for the Army and 
Navy are the Munitions Building and 
the Navy Building in Washington, D. C. 
—two long, white stuccoed, three-story 
buildings extending along Constitution 
Ave. from 17th St. to 21st St. Put up 
as temporary structures in 1916, these 
buildings house the offices of the Secre- 
tary of War, the Secretary of the Navy. 
and the officers and civilian personnel 
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that direct and coordinate the activities 
of the Army and Navy. From all appear- 
ances, the Munitions Building might be 
the executive offices of some large in- 
dustrial organization. One might roam 
all through it, in offices and along cor- 
ridors, without seeing a single uniform 
other than the blue coats and brass but- 
tons of the guards on duty at the various 
entrances. Colonels, captains, comman- 
ders and majors are all in civilian 
clothes; there is not a trace of military 
formality and the hum of activity is the 
same as encountered in any well-organ- 
ized industrial enterprise. 

My first interview in Washington was 
with Commander A. M. Pride, who 
heads up the work of preparing co- 
ordinated specifications for the Bureau 
of Aeronautics. Frankly, I was surprised 
to find him in his office discussing some- 
thing or other with a man who turned 
out to be Major D. G. Lingle, who 
heads up the specifications work for the 
Army Air Corps. These officers occupy 
the same office. This was the first of 
numerous similar incidents that came 
to my attention to indicate the close co- 
operation between the Army and the 
Navy. It was not an “official confer- 
ence” that these two men were having, 
but rather an earnest informal dis- 
cussion of vital engineering problems. 
As was proved to me repeatedly by simi- 
lar incidents in the course of interviews 
with numerous Army and Navy officers, 
the supposed professional jealousy be- 
tween the Army and the Navy does not 
exist, there is not a trace of it. 

Another highly important fact is that 
the men charged with developing Army 
and Navy specifications are not mere 
politically appointed officials who do 
not possess a first-hand knowledge of 
the needs and requirements of the serv- 
ice. They are all highly qualified engi- 
neers, experts in their respective fields; 
men who have come up through the 
ranks and have had extensive experience 
in the fields in which they serve. Com- 
mander Pride was a test pilot. Major 
Lingle was for many years in the engi- 
neering section at Wright Field where 
the designs of new planes are developed, 
and he also has done considerable fly- 
ing. These men know aviation in all its 
branches from design board to stunt 
flying and fighting tactics. In every in- 
stance, I found that the men responsible 
for Army and Navy engineering have 
had thorough specialized training and 
much practical experience. 

Major Lingle coordinates the specifi- 
cations for the Army Air Corps at the 
Munitions Building, Washington, D. C., 
and through the Chief of the Materiel 
Division, Air Corps at Dayton, Ohio, ad- 
vises and requests tests and investiga- 
tions to be made by the materials testing 
engineers at Wright Field, Dayton, 


Ohio, where all tests are conducted. 
Similarly, Commander Pride, operating 
through the manager of the Naval Air- 
craft Factory, advises and requests tests 
and investigations to be made by the 
materials test engineers at Philadelphia. 
The Bureau of Standards is consulted 
frequently throughout the whole pro- 
cedure so that the details of the specifi- 
cations will conform to established 
standards of that bureau. . 

Many civilian engineers, graduates of 
our leading technical schools and men 
with outstanding ability and experience, 
are in the employ of the Army and 
Navy. Commander Pride, whose imme- 
diate superior is Admiral J. H. Towers, 
is assisted at Washington by Lieutenant- 
Commander J. E. Sullivan whose staff 
of civilian engineers includes H. J. 
Heuster who handles metals specifica- 
tions, M. T. McCown on textiles and 
F. F. Jacobs on miscellaneous materials. 
Major D. G. Lingle reports to the Chief 
of Air Corps and civilian engineer, 
F. E. Richardson is his assistant. At 
the Philadelphia Naval Aircraft Fac- 
tory, civilian John Hardecker, reporting 
to Commander Connel, has charge of 
materials testing; at Wright Field 
civilian Dr. J. B. Johnson heads up the 
materials testing and research work 
under the supervision of the Chief of 
Experimental Engineering. 

To illustrate, omitting extraneous de- 
tails, the procedure in developing speci- 
fications for parachute silk is the same 
in general as is followed in developing 
every materials specification for the air 
services of the Army and Navy. Major 
Lingle discusses the problem informally 
with various members of the Air Corps 
Specifications Committee, of which he is 
the chairman. Commander Pride also 
talks over the problem informally with 
members of the Naval Bureau of Aero- 
nautics Specifications Committee, of 
which he is chairman. During this time 
Major Lingle and Commander Pride 
discuss the problem and map out 
laboratory investigations and service 
tests to which the material is to be 
subjected. The materials test men at 
Wright Field and at Philadelphia 
Naval Aircraft Factory are then in- 
structed to develop the specifications 
entirely independently, using the gen- 
eral instructions merely as a guide for 
their work. 

At both Wright Field and the Naval 
Aircraft Factory, the materials engi- 
neers get to work on the specifications. 
The assigned group of men conduct 
laboratory tests, contact textile experts 
in industry, procure samples of different 
materials and have test parachutes 
made. Expert parachute jumpers put 
the materials through service tests. 
Weight, strength, durability, moisture 
absorption and many other factors are 
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Building alongside it are now having a fourth story added 


determined for a great variety of differ- 
ent fabrics and weaves. 

The progress of the work is reported 
back to Washington. Commander Pride 
or Major Lingle might recommend 
additional tests conducted. These are 
made. 

“In fact,” said Commander Pride, “I 
might want Wright Field to make tests 
to check figures I got from Philadelphia 
Naval Aircraft Factory. If Major Lingle 
isn’t around, I send my request to 
Wright Field directly.” 

To which Major Lingle commented, 
“Don’t I do the same thing when I want 
something from the Naval Aircraft Fac- 
tory and you're not around?” 

It was just another indication of the 
extremely close cooperation between the 
Army and Navy and the informality of 
the procedure. 

When Wright Field and the Naval 
Aircraft Factory have developed their 
respective specifications for parachute 
silk, copies of the specifications are sent 
to Washington. Major Lingle and his 
committee sit down with Commander 
Pride and his committee and go over 
the two specifications, and from them 
develop a dummy specification. The 
dummy specification is a compromise be- 
tween the Wright Field and the Naval 
Aircraft Factory specifications. Where 
those two specifications are the same, 
the dummy is the same; where they are 
different, the differences are ironed out 
in the dummy. 

The men from Wright Field and 
Philadelphia who drew up the specifica- 
tions are then called to Washington. A 
meeting is held with these men and the 
committees of the Army Air Corps and 
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the Navy Bureau of Aeronautics. It is 
the first, and usually the only, formal 
and official meeting that is held on this 
particular specification. Stenographic 
notes are kept and the meeting is con- 
ducted in a strictly parliamentary man- 
ner. Commander Pride or Major Lingle 
serves as chairman. The dummy specifi- 
cation is taken up item by item. All 
differences are discussed. The rule is 
that unanimous agreement must be 
reached on every item. Because specifi- 
cations are mostly factual, there is little 
room for opinions. 

“But suppose one man has a set idea 
and refuses to give in?” I asked. 

“If a man has a frozen opinion,” 


` answered Major Lingle, “the boys keep 


at him until they thaw him out. The 
meeting keeps going, with intermissions 
when necessary, until full agreement 
has been reached. They usually don’t 
leave Washington until the specification 
has been completed and accepted. When 
we're through we have a specification 
that both the Army and the Navy uses. 
So far as the Army and Navy is con- 
cerned, it is the only Army or Navy 
specification there is for parachute silk.” 

This same general procedure has been 
applied throughout for unifying the 
specifications for Army Air Corps and 
Navy Bureau of Aeronautics materials. 
Practically all of the specifications cov- 
ering aluminum, aluminum alloys and 
products made of aluminum are exactly 
the same for both the Army and the 
Navy. The significance of this goes far 
beyond what appears at first glance. It 
permits bunching of Army and Navy 
orders. This means more production by 
industry on a mass basis. Inspection is 


simplified, possible confusion is elimi- 
nated and the quantities of reserve 
stocks can be greatly diminished. 

Of greater significance is the stand- 
ardization and unification in the designs 
of Army and Navy airplanes. Great 
strides have been made. For example, 
the design of the bomb clips under the 
airplane wings is exactly the same for 
Army and Navy planes. Army planes 
can use Navy bombs, and vice versa. 
With respect to details such as fuses and 
powder charge, the Army and Navy 
bombs must necessarily be different. 
The Navy bomb for piercing deck plates 
or serving as a depth charge must of 
necessity be different from the Army 
demolition bombs as to timing, fuse and 
character of charge. But the physical 
dimensions that affect interchangeabil- 
ity are the same. 

Even the engines of Navy and Army 
ships are interchangeable. The engine 
mounting dimensions are identical. Any 
given type, size and make of engines is 
built to the same prints and specifica- 
tions, be it an engine for the Army or 
the Navy. Hence, not only are the 
engines interchangeable, but the Army 
and the Navy can use the same spare 
parts. A Navy plane might have an 
Army engine that has Navy pistons in it. 
Thus, the number of spare parts re- 
quired is only about one-half and a Navy 
plane can be serviced in an Army shop, 
or vice versa. And, of course, it means 
bigger mass production in the manufac- 
ture of the engines and spare parts with 
less machine tools required, less tooling, 
and fewer gages. 

All this has made possible another 
important move. Within the last month 
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the Army and Navy officially put into 
effect a new set up for the inspection 
and acceptance of airplane engines. The 
manufacture of all Pratt and Whitney 
aircraft engines, whether they be for 
the Army or the Navy, will be under 
Navy inspection and supervision, while 
all Wright engines for the Army or Navy 
will be under Army inspection and 
supervision. This will simplify matters 
and fewer trained inspectors, of which 
there is a scarcity, will be needed. 

But even this degree of standardiza- 
tion was not enough to satisfy the Army 
and Navy. Time was the limiting factor. 
When the National Defense Advisory 
Committee was organized, William S. 
Knudsen asked T. P. Wright, vice-presi- 
dent of engineering, Curtiss-Wright 
Corporation, to serve as aeronautical 
consultant. Mr. Wright accepted. He 
knows the problems relating to aircraft 
production and he is familiar with the 
needs of the Army and Navy. Also, he 
always has had close personal contact 
with officers of the Army Air Corps and 
the Navy Bureau of Aeronautics. 

Army and Navy officers and T. P. 


November, 1940 





Wright held conferences. The question 
of further standardization of aircraft 
came up. Both the Army and the Navy 
were up to their necks in work; there 
was still work to be done in further 
standardization of engines and aircraft 
parts, but no time to do it. But all agreed 
that if there were any way of speeding 
the work, it should be done. 

For many years the Society of Auto- 
motive Engineers, through its various 
committees, has been doing notable 
work in the standardization of the 
design of tanks, trucks, tractors and 
other automotive equipment for the 
Army. The membership of that society 
included most of the country’s greatest 
authorities on engine and automotive 
design. In his announcement that the 
S.A.E. had agreed to contribute to the 
task of standardizing aircraft engines, 
Mr. Wright said, “The S.A.E. already 
possesses the system and the machinery 
for carrying out the job, based on wide 
experience in carrying through a highly 
successful standardization program for 
many years.” Of course, without hearty 
voluntary cooperation between the 


S.A.E. industry and the Army and Navy, 
nothing could be accomplished. That 
this program is already showing results 
is a significant indication of the splen- 
did cooperation that exists. 

When the S.A.E. agreed to actively fur- 
ther the work of standardizing aircraft 
engines, the society appointed Carleton 
E. Stryker, well-known aircraft engineer 
of Bendix Aviation, to the headquarters 
staff of the society to serve as secretary 
of the standardization board. The mem- 
bership of the board, with Mr. T. P. 
Wright as chairman, includes outstand- 
ing aeronautical engineers such as Mac 
Short of Vega Aeronautical, W. K. Ebel, 
chief engineer of Glenn L. Martin, 
Arthur Nutt, president of the S.A.E. and 
vice president in charge of engineering 
of Wright Aeronautical, P. B. Taylor, 
chief engineer of Wright Aeronautical, 
A. Raymond of Douglas Aircraft, R. W. 
Ayer of Aeronautical Chamber of Com- 
merce, J. T. Gray of Aircraft, Air- 
worthiness Section of Civil Aeronautics 
Authority, E. Wells of Boeing Aircraft, 
J. F. Cox of Vega Airplane, and E. 
Dudley of Curtiss Aeroplane Division 





U. 8. Army Air Corps 
Army planes at Wright Field, Dayton, Ohio, lined up in preparation for the Air Corps maneuvers 
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of Curtiss-Wright. Commander Pride 
of the Navy, Major Lingle of the Army, 
and J. B. Johnson, civilian engineer for 
the Army at Wright Field, are among 
the Army and Navy representatives. 
This main board supervises the work of 
many subcommittees, the personnel of 
which has been selected from industry 
and the military services. 

These committees have already made 
significant progress in standardizing the 
airplane engines accessories. As a re- 
sult, all carburetors, distributors, engine 
mounts, ignition systems and other 
accessories will be the same in design 
for all makes of engines of a given type. 
Here again, costs will be reduced, pro- 
duction speeded, tooling simplified, and 
spare parts stocks reduced. Army and 
Navy orders will be bunched; greater 
mass production will result. But it could 
not be accomplished without hearty 
voluntary cooperation between the 
Army, Navy and industry. 

It should not be assumed that the 
Army Air Corps and the Navy Bureau 
of Aeronautics are exceptions with 
reference to cooperation. Captain Julius 
Furer a Navy man of many years of 
service, has administrative charge of 
all Navy inspection officers and is chair- 
man of the Navy Department Specifica- 
tions Board, through which are cleared 
the specifications for all of the bureaus 
of the Navy, namely, the Bureau of 
Aeronautics, Bureau of Yards and 
Docks, Bureau of Ships, Medicine and 
Surgery, Marine Corps, Bureau of Ord- 
nance and the Bureau of Supplies and 
Accounts. Each of these bureaus has its 
specification section and committee and 
each committee has on it representatives 
from each of the other six bureaus of 
the Navy. The Army has a correspond- 
ing set up covering its eight branches. 
Thus every branch of the Navy is kept 
informed and participates in the making 
of every specification. Captain Furer’s 
board is also for the purpose of keeping 
track of the progress being made in the 
preparation of the fifty or more specifi- 
cations that are always on the budget. 
A regular monthly meeting of Captain 
Furer’s board is held for that purpose. 

“It is obvious,” Captain Furer pointed 
out, “that this mode of operation cannot 
work except for the voluntary goodwill 
and cooperative spirit. Most of the work 
is done not in committee meetings, but 
informally and unofficially. There are 
about 50 specifications going through 
the mill all the time, and you can read- 
ily imagine that little progress would be 
made if much of the work had to be 
done “in committee.” About the only 
committee work done is when the com- 
mittee gets together to pass upon the 
specification and thus make it official. 
If we did not operate that way, we never 
would have been able to develop the 
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7,000 to 8,000 unified and standardized 
specifications we now have.” 

As another example of the close co- 
operation between the Army and Navy, 
Commander H. V. McCabe, in charge 
of Navy Ordnance Specifications and 
Major J. W. Younger, in charge of all 
Army specifications, occupy the same 
office with desks next to each other, and 
share the same filing cabinets and sec- 
retarial service. Major Younger ex- 
plained that the Army Manual calls 
for using Navy specifications if the 
Army has none for the particular ma- 
terial required. And if the Army is 
getting material from a manufacturing 
plant where there is stationed a Navy 
inspector, the Navy inspector tests the 
material and accepts it or rejects it for 
the Army. 

Wherever possible, the Army and 
Navy specifications are the same as 
those of the Society of Automotive En- 
gineers or the American Society of 
Testing Materials. Army and Navy 
men serve on practically all of the 
committees of these two national engi- 
neering societies. 

So much for the specifications. What 
about the quality of the engineering 
design work done by the Army and 
Navy? With special reference to aero- 
nautics, it is generally acknowledged 
that much of our progress in aircraft 
design can be attributed to the Army 
Air Corps and Bureau of Aeronautics 
engineers. They are largely respon- 
sible for the ultra-high standards of 
performance of the American fighting 
and bombing planes. It is they who 
pointed the way to innumerable design 
improvements and refinements in manu- 
facture. 

The minimum acceptable perform- 
ance for an Army or Navy airplane en- 
gine is 300 to 400 hours of running be- 
fore a major overhaul is required. Many 
of the engines run 900 hours before a 
major overhaul is required. According 
to observers at the war fronts, the av- 
erage life of a German aircraft engine 
is 50 hours in combat. To overhaul an 
airplane engine is almost half as much 
work as building it originally. 

In the performance of airplanes the 
U.S.A. has the fastest pursuit ships, the 
longest range and largest bombers, and 
the armaments on the planes, including 
power operated gun turrets, are of de- 
signs far more advanced than those of 
any other nation. Our bomb sights 
and navigation instruments are the 
envy of all other nations. Such progress 
would have been impossible without 
highly efficient engineering and splen- 
did cooperation. 

Recently there was a rumor to the 
effect that the Chrysler Corporation, 
after accepting an order for medium 
weight tanks designed at Rock Island 


Arsenal, had to put 100 or more engi- 
neers on the job to redesign the tank 
and correct all the mistakes. The 
falsity of that rumor can be matched 
only by its stupidity. It reflects a com- 
plete ignorance of the procedure by 
which tanks, and all other armaments, 
are designed. 

At the Aberdeen Proving Ground of 
the U. S. Army at Aberdeen, Md.. tests 
of tanks and other armaments are under 
way continuously. Maneuverability of 
the tank is studied carefully, as are its 
armor plate, guns, speed, and all other 
factors. Detailed reports of the func- 
tioning of the tanks in war maneuvers 
are made by tank corps officers. Ob- 
servers on foreign battlefields report 
on performances of tanks in actual bat- 
tle and make note of things such as 
failure by bogging down, insufficient 
armor, vulnerability of the engine or 
mechanisms. At the same time, officers 
and civilian engineers at Rock Island 
Arsenal study new design possibilities 
opened up by engineering and tech- 
nological progress. 

When it is decided that a new design 
of tank is to be undertaken, all the 
officers and civilians who have been 
studying tank design are called to 
Washington. At the Army headquar- 
ters in the Munitions Building they 
meet to map out the new tank. The 
tank corps officers, test engineers from 
Aberdeen, the officers who have been 
on duty as foreign observers and the 
engineers from Rock Island Arsenal 
gather around conference tables and 
drawing boards. Evidence of deficiencies 
in existing designs and desired improve- 
ments and new features are studied and 
discussed. It is an engineering devel- 
opment meeting rather than an ordinary 
conference, as triangles and T-squares 
are put to use and the general outline 
of the proposed tank is drawn to scale 
and overall specifications such as 
weight, speed, power plant and protect- 
ing armor plate are drawn up. 

The proposed design is then deliv- 
ered to Colonel N. F. Ramsey, com- 
mander of Rock Island Arsenal, who 
turns the job over to Mr. Frank Har- 
gens, civilian chief ordnance engineer 
at that arsenal. Backed by 25 years 
experience and a corps of some 200 
well-trained engineers and draftsmen, 
Mr. Hargens sets to work to produce 
the seven or eight thousand drawings 
required. Tentative designs are made 
and remade. Various arrangements of 
the tank machinery, different types of 
construction, and a myriad of different 
details are tried, studied, discarded or 
accepted. Slowly the picture develops 
and finally, after many months of pains- 
taking effort the first design is com 
pleted; but that is not final. 

Mr. Fred Hoppe heads up all the 
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work of specifying the materials. Army 
specifications are used where available. 
In their absence, Navy specifications 
are used. If it is a special material 
and there are no specifications, Mr. 
Hoppe calls in experts from industry 
and prepares tentative specifications. 

Captain C. R. Pinkerton has charge 
of the automotive production and also 
the research laboratories. Civilian Paul 
Cunnick directs the materials testing 
laboratory, working closely with Mr. 
Hoppe and the engineers representing 
the suppliers of materials. Indicative 
of what has been accomplished, whereas 
formerly 25 different alloy steels were 
used in a tank, today only 14 alloy 
steels are specified. 

After the proposed design has been 
completed it is sent to Washington and 
the experts of the Army subject it to 
a critical study. Changes may be sug- 
gested. Eventually this preliminary de- 
sign is approved and the Rock Island 
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Arsenal shops are given the order to 
produce a sample tank for tests. 
Under the direction of Colonel C. A. 
Waldman and assisted by Captain 
Pinkerton and an organization of highly 
skilled machinists and mechanics, the 
sample or “pilot” tank is built. As 
each and every piece is made it is given 
a close inspection to make certain that 
it conforms to the drawing in every 
detail. If it does not, a new piece is 
made or the mistake is corrected. But 
every piece must be exactly to the draw- 
ing. If later, when the pieces are being 
assembled, a part does not fit, the in- 
spectors determine what is wrong. If 
the mistake is in the drawing, the 
drawing is corrected and then, but not 
until then, a new corrected part is made. 
Obviously, when the pilot tank is fin- 
ished, the drawings must be right. 
The sample tank is sent to the Aber- 
deen Proving Grounds and “put through 
its paces” under the critical eyes of 


experts. Every detail is scrutinized 
closely. Could the tank be made slight- 
ly lower in order to present a smaller 
target, could it be made slightly shorter 
and thùs increase its maneuverability, 
is the armor plate thick enough, could 
the tank be made a little lighter or 
given wider tread so that it will not 
bog down as readily? These and hun- 
dreds of other possibilities are care- 
fully considered. Always the demands 
of these test men appear to be just a 
little more severe than engineering can 
meet—but usually the engineers “come 
across.” 

Indicative of the amount of engineer- 
ing involved, when it was decided to 
increase the thickness of the armor plate 
on a recent design of tank, it required 
60 days of engineering to make all the 
necessary changes in the thousands of 
drawings affected and then to care- 
fully check and recheck every change. 

Little wonder that Mr. Fred Zeder, 
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hard hitting and critical vice-president 
in charge of Chrysler engineering, said 
“Chrysler takes second place to no one 
in engineering, but I must admit that 
if we had the boys at Rock Island Ar- 
senal to add to our engineering staff we 
would materially strengthen our posi- 
tion. They could teach us a lot about 
center of percussion and what makes 
a vehicle run smoothly. I never dreamed 
that a big heavy tank rolling over rough 
ground at 40 miles per hour could ride 
so smoothly.” 

Mr. Zeder was referring to the rumor 
that Chrysler engineers had found it 
necessary to redesign the tank designed 
at Rock Island Arsenal and to be manu- 
factured by Chrysler. He explained 
further: 

“Rock Island Arsenal sent us one 
complete set, 186 pounds, of drawings 
and we sent them to our pattern shop. 
Every piece was made out of wood and 
the pieces were then assembled. There 
wasn’t a mistake, not a single mistake, 
in the more than 6,000 drawings which 
we received. 

“We then put about 200 engineers on 
the job to make a complete production 
study of the tank. They detailed all 
the operations, listed all the manufac- 
turing equipment needed, and laid out 
the shop.” 

Apparently, some layman who knew 
little or nothing about engineering pro- 
cedure, had heard that many Chrysler 
engineers were working on the Army 
tank. He drew the conclusion that 
they must have been put on the job to 
correct mistakes; his limited knowl- 
edge could not visualize that there 
might be other engineering work to be 
done. That is the way many of our 
present day rumors criticizing the: de- 
fense program start. 

Much more could be written about 
the Army and Navy organization for 
the standardization of designs and speci- 
fications. There are the numerous joint 
boards such as the Joint Army and Navy 
Munitions Board, the Joint Smokeless 
Powder Board, the Joint Gun Forgings 
Board, and several others. Each is for 
the purpose of unifying Army and Navy 
engineering. And of great importance 
is the Federal Specifications Executive 
Committee. 

Organized early in the nineteen- 
twenties, the purpose of the Federal 
Specifications Executive Committee, 
then called the Federal Specifications 
Bureau, is to coordinate and unify all 
specifications that are used by three or 
more government agencies. The Army 
and Navy use Federal Specifications 
whenever applicable. Not only the 
Army and the Navy, but all other agen- 
cies such as the Post Office Department, 
Department of Agriculture, Veterans 
Bureau and all other government de- 
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partments are served by the Federal 
Specifications Executive Committee, 
which is made up of representatives 
from all the government agencies served 
and many men from the Bureau of 
Standards. 

The work of the Federal Specifica- 
tions Executive Committee is divided 
into numerous sub-committees, each 
handling certain classes of materials. 
The biggest of these is the Metals Com- 
mittee. 

In about 1922, because of the vast job 
of developing metals specifications, the 
Ordnance Metallurgical Advisory Board 
was organized, which in August 1940 
was divided into the Ferrous Division 
and the Non-Ferrous Division. Colonel 
R. W. Case of Watertown Arsenal is 
chairman of the Ferrous Division and 
his associate, Lt.-Colonel S. B. Ritchie, 
is recorder. The Non-Ferrous Division 
is under the chairmanship of Colonel 
W. P. Boatwright, commanding officer 
of the Frankford Arsenal, and Captain 
L. S. Fletcher of that arsenal is recorder. 
Captain D. J. Martin of the Office, Chief 
of Ordnance, serves as a member. All 
other members of those two committees 
are civilians, experts and outstanding 
authorities. Included are Dr. F. C. 
Frary of the Aluminum Company of 
America, Dr. D. K. Crampton of Chase 
Brass, W. B. Price of Scovill Manufac- 
turing Company, Sam Tour of Lucius 
Pitkin, F. P. Gilligan, metallurgical con- 
sultant for Henry Souther Engineering 
Company, Paul McKinney of Bethlehem 
Steel, Robert Archer of Republic Steel, 
G. Elkins Knable of Carnegie-IIlinois, 
John Mathews of Crucible Steel, Dr. 
C. H. Mathewson of Yale and H. S. 
Rawdon of the Bureau of Standards. 
All are prominent metallurgists and 
men who know the practical require- 
ments of industry. They serve without 
pay; their respective companies con- 
tribute the services of these men and 
pay their expenses. 

So well organized is the engineering 
of the Army and the Navy, so effectively 
do they cooperate with each other, with 
industry and the national engineering 
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Designation numbers for Fed- 
eral, Army, Navy, S.A.E. and 
A.S.T.M. Standards covering 


various types of aluminum 
and magnesium products are 
listed on pages 535 and 536 
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societies, that there is little or no hing 
that can be done to improve it. 

It is significant that after a two weeks 
investigation by a high government 
agency to find out what could be done 
to expedite the engineering work of the 
Army and. Navy, the verdict rendered 
was, “Nothing, absolutely nothing. The 
machinery for operating is all there, it 
is functioning with the greatest satisfac. 
tion, it is manned by a highly efficient 
personnel with a wonderful spirit of co- 
operation.” 

Much more could be written about 
the engineering work of the Army and 
Navy. The work of the Federal Specifi- 
cations Executive Committee, the con- 
tributions of the Bureau of Standards, 
and the work of the Welding Research 
Committee of the Engineering Founda- 
tion, under the chairmanship of Colonel 
G. F. Jenks, are each a story in itself, 
It would require many pages to describe 
the great work that the National Ad- 
visory Committee on Aeronautics jis 
doing. And still the story would be in- 
complete. At some of our leading tech- 
nical universities research work of great 
value to the Army and Navy is being 
carried on under the joint sponsorship 
of the Army, Navy, the N.A.C.A. and 
the Engineering Council. 

I feel certain that in my weeks of in- 
terviews I had uncovered but a small 
fraction of the facts and figures concern- 
ing Army and Navy engineering. I had 
been treated most cordially and I had 
made the acquaintance of many fine 
men. Time finally compelled me to con- 
sider this assignment finished, and it 
was with sincere regret that I checked 
out and took a cab to Union Station. 

As I entered Union Station something 
impelled me to look back. In the dis- 
tance the flood-lighted dome of the Capi- 
tol stood out against the dark sky. And 
there came over me a feeling that what 
I had seen and learned was not a mere 
organization chart and a description of 
its operation. All that I had seen and 
heard was merely the external evidence 
that the brains, skills and energies of 
men of the Army, Navy, industry, engi- 
neering societies and educational institu- 
tions are being applied with a unity of 
purpose to the end that American In- 
dustry, the world’s greatest production 
machine, shall and will produce in 
super-abundance, armaments the like of 
which the world has never seen—arma 
ments that will hold safe the Democracy 
that the flood-lighted Dome of the Capi- 
tol symbolizes. Guiding this far-flung 
engineering undertaking are the officers 
and men of the Army and Navy, oper 
ating as a unit. These are the men upon 
whose accomplishments depends to 4 
great extent the future of this nation. 
And they are doing their job well- 
very well. 
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IDEAS -— The Essence of Development 


C. M. ASHLEY 


Product Development Engineer, Carrier Corporation 


designs are spun. Everyone has 

had ideas, has put ideas into prac- 
tice, and has listened to the ideas of 
others. Yet few people ever stop to con- 
sider just what an idea is. Its nature is 
generally misunderstood. For instance, 
it is commonly supposed that the num- 
þer of ideas is limited, at least concern- 
ing any one subject, and that only a few 
persons are endowed with the mystic 
genius of idea creation. This is not so. 
Consider Rube Goldberg and his ilk and 
it is apparent that ideas can be legion. 

Ideas are the impingement of imagi- 
nation on experience. As such there is 
nothing mysterious or exclusive about 
their origin and there is no reason why 
anybody should not have them. They 
are likely to be original with one person 
to the extent that his experience or 
imagination is in advance of that of 
others. But ideas are the property of 
no man and are as free as air to those 
who would seek them. 

What does distinguish some ideas 
from others is the directness and sim- 
plicity with which they reach their ob- 
jective. The question is not “How can 
an objective be reached?”, but rather, 
“How can it best be reached?” This 
point of view very evidently strips ideas 
of any inherent value. They retain value 
only as they are useful. By the same 
token, no particular credit redounds to 
the person who has an idea. Credit is 
due only to him who has a good idea. 

There is no mental quality that per- 
mits anyone intuitively to select good 
ideas and only good ideas. Therefore, 
the problem of arriving at good ideas is 
one of elimination. This involves, in the 
first place, marshalling all of the ideas 
which can be conjured up on the sub- 
ject. There is no reason why this pro- 
cedure should not be orderly. After a 
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little experience the ideas can be classi- 
fied and all of the permutations and 
combinations exposed to view. The sec- 
ond step is to submit the various ideas 
to critical analysis. 

Of the two steps, the second is the 
more difficult. One must be sure on the 
one hand that no hidden possibility is 
passed over lightly, and on the other 
hand that time is not wasted exploring 
unprofitable alloys of ideas. The quanti- 
tative attitude of approach toward this 
analysis is most valuable as it will elimi- 
nate the great mass of ideas which are 
qualitatively practical but quantitatively 
impractical. 

An attitude which must be repelled 
is the proprietary one. It makes an idea 
no better just because I happen to have 
thought of it rather than you. It must 
derive its value without respect to who 
conceived it. Since the value of ideas 
can be proved by practice, it behooves 
each individual to see that his ideas are 
used only when they are superior to the 
ideas of others. There is always a sus- 
picion that a person may not take an 
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People thought both of these ideas were 
ridiculous, but the one above was sub- 
lime. Knowing when not to laugh an 
idea out of existence calls for acute fore- 
sight and sound engineering judgment 
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objective point of view in comparing his 
ideas with those of others. For this 
reason, it is frequently wise to get the 
opinion of some competent, disinter- 
ested person. 

It frequently happens that an idea has 
to be presented in the proper form, that 
is, “sold” to the person with the neces- 
sary authority. It is not fair to suppose 
that ideas have self-evident merit which 
should immediately impress a superior, 
even when he is very receptive. On the 
other hand, it is important that the idea 
not be misrepresented. 


Novelty 


At first thought it might seem that a 
new design must have a great deal of 
novelty to be really valuable or worth 
while. The new, the miraculously differ- 
ent seems to be the thing which makes 
the headlines and attracts the attention. 
Yet how many times is the article which 
is radically different from all competi- 
tors the sales leader? Not many. True, 
when the advantages are clear and self- 
evident, then sales may flow to the novel 
product. But it lacks the mutual sales 
help of competitors which are much 
alike. A good example of this is the 
steam automobile. Basically a much 
simpler and more flexible machine than 
the conventional type, its patent protec- 
tion and uniqueness proved its undoing. 

Look around and consider how many 
things of a mechanical character which 
are considered indispensable represent 
the simplest, most dramatic approach to 
the problem. Then consider the vastly 
larger number of things which are the 
fruit of years of polishing what may 
basically be a very impractical idea. 
The automobile is perhaps the perfect 
example of this. Rube Goldberg him- 
self could hardly have conceived of the 
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automobile transmission, clutch or igni- 
tion system. Before the automobile of 
today could be perfected it was neces- 
sary to establish and develop whole new 
industries, such as that of alloy steels. 
Every important part is the result of 
years of effort to achieve the best pos- 
sible result without any fundamental 
change which would affect too many 
other parts. 

Most progress in the line of machines 
comes as a gradual evolution of an exist- 
ing type. There comes a time, however, 
when a radical departure must be made 
from previous forms if further progress 
is to be made. The new type is usually 
the survival of a whole series which have 
been tried and discarded. Naturally this 
process is expensive and is usually left 
to the little fellows who do not have 
much of a stake to lose. On the other 
hand, it pays every company to keep 
informed of progress and trends and 
occasionally to make a “scoop” by 
bringing out an advanced design. 

What philosophical attitude can we 
have toward novelty? First, we can stop 
chasing will-o’-the-wisps; we can look 
to the present forms and study them to 
see how they can be made more perfect; 
we can accept something which may 
never reach the heights of ultimate per- 
fection and refine it in detail to make 
it a highly workable design. Second, we 


must keep before us the ideal of a 


design which will not have the inherent 
limitations of the present type; we can 
and must be dissatisfied with present 
forms, striving for a simpler and basic- 


ally better form. Third, we must appre- 


ciate the problems inherent in the 
attainment of the simpler form; the long 
search, the slow perfection to a usable 
state, the breaking down of commercial 
and psychological barriers to its use. 


Selling the Idea 


Equipment design and selling would 
seem to be as far apart as the poles. 
Nevertheless, there are times when the 


development man can serve his com- 


pany best if he has the ability to “sell” 
his ideas to his superiors. It is a com- 
mon belief that new ideas originate in 
the sales force in the field from whence 


they flow back to the development de- 


partment, which puts them into work- 


able form. Actually, this is seldom the 
case. The salesman must take a some- 
what uncritical attitude toward the 
equipment which he sells in order to 


maintain his selling integrity. Nat- 
urally, he glosses over imperfections as 
long as possible. 

On the other hand, the imaginative 


designer is painfully aware of the defi- 
ciencies of his design, even though he 


is not permitted to give voice to them 
publicly. More than that, he visions a 
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product not only better in detail, but in 
basic conception as well. 

The engineer need not take the role 
of the partisan in his presentation. His 
job is to show the relation of his ideas 
to others which might be considered. 
He should assume the attitude of an 
advocate only long enough to obtain 
recognition for his ideas, then he should 
revert to the judicial point of view. 
Often it is better to unfold the picture 
gradually, over a period of time, through 
the medium of periodic suggestions. It 
frequently takes time to change mental 
patterns to meet new suggestions. But 
by means direct or devious, the engineer 
must somehow present the picture of 
the future in compelling terms. 


Ideas and Organization 


A development program must be or- 
ganized in one of two ways; either one 
man or group must carry it through 
from beginning to end, or it must be 
passed successively from one specialized 
group to the next until it is finally 
completed. 

For one man to carry on a project 
from beginning to end with success re- 
quires a most rare combination of abili- 
ties. It is an axiom that no man is at 
once a good beginner and a good fin- 
isher. To launch a development needs 


a man of boundless imagination. He 
should be able to think of all of the 
ways under the sun of doing a thing. 
His mind should range through all the 
possible and impossible ideas for accom- 


plishing the desired end. Sometimes he 
will be able to distinguish between the 
possible and the practical. Often this 
must be done by someone with his feet 
more firmly on the ground. But even 
the “crackpot” inventor has his place 


at the beginning of a development. 
Once the development passes its ini- 
tial phases, however, this type of man 
usually loses interest. In his imagina- 
tion it is already complete and perfect 
and his interest seeks out still other 


ideas. Such a man has not the patience 
to guide the development through its 
slow perfecting stages. 

Here is needed a “hound” for detail, 
who cán take all of the “kinks” out of 


the design, who can sharpen his pencil 


and whittle first dollars and then pen- 
nies out of the cost. He must be willing 
to prove the practicability of each part 
and of the whole design by exhaustive 
laboratory tests and field trials. Fre- 


quently, before the development is 


turned out as complete, quite a number 
of people must each take a hand in it 
in succession. More often than not the 
tooling and the introduction to manu- 


facture is handled separately. 
When one man is in a dominant posi- 


tion with respect to a development, he 
leaves the stamp of his personality upon 
the design. His weaknesses may be as 
evident as his strong points. Why then 
should carrying on the development 
under one man be considered? Because 
the other alternative is equally danger- 
ous. When a design is passed on to a 
new group, something is lost in the 
transfer. Frequently the new group 
may approach the design from an en- 
tirely new point of view and lose much 
that was of value in the original design. 
The people dominating each step are 
likely to have their own pet ideas, which 
may find their way into the finished 
product to its detriment. 

It is evident that there is no “royal 
road.” Regardless of the method of or- 
ganization, the project must depend for 
success upon the ability of the people 
who are to carry it on. Also, there must 
be no insulation, no barriers between 
the men or groups carrying on the de- 
velopment; each must be subjected to 
the same ideas and the same criticisms. 
This naturally indicates that there must 
be a common leader throughout the 
progress of the design. 


How, then, are the disadvantages of 


this type of organization to be over- 


come? Most important of all, the 
leader must understand himself. He 
must know where his strength lies and 


where his weakness; where he can rely 
largely on his own judgment and where 
he must call on that of others. He 
must gather around him men who will 
complement his abilities in order to 


form a well-rounded group. He must 


know when to call for help outside of 
his group. Furthermore, this leader, by 
understanding his point of weakness, 
can gradually train himself to a 
rounded ability more nearly approach- 


ing that of the ideal development man. 


He can also learn a tolerance for 
diverse points of view which can con- 
tribute to the success of the develop- 
ment and can learn to accept even 
though he cannot sympathize with them. 


There are, of course, many able men 


who, because of a too great one-sided- 
ness or because of an insulation from 
the point of view of others, can never 
become leaders. 


The administrator to whom the leader 


reports must provide a point of view 
which balances that of the leader. He 
must also see that the leader is sur- 
rounded by adequately complementary 
assistants. Thus, one of the most im- 


portant aspects of the organization of 


development work is to study and train 
the aptitudes of individuals in order to 
fit them together into harmonious and 
well-rounded groups capable of carry- 
ing through a development from rough 


idea to finished product. 
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Fig. 11—Steel tube section of a composite fuselage, showing major fittings 


STEEL TUBE FUSELAGES — I] 


Major F ittings and Joints 


N the first part of this article basic 


layouts of steel tube fuselage struc- 
tures were considered from the 
viewpoint of production design. Layout 
of tube center lines is actually the first 
step in the design of any tubular struc- 


ture. The next step in design is deter- 


A majority of present-day engine installations are for 
radial engines. This type of power plant permits simple 
engine mount designs, which basically comprise a steel tube 
ring connecting to the engine mounting lugs. Four V-truss 
steel tube members welded to this ring are each provided 
at the apex with a fitting for connection to fuselage longeron. 
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mination and location of the required 
major fittings and joints for engine 
mounting, fuselage sections, and wing 
and empennage attachment to form the 
complete airframe. These major fittings 


and joints will be considered in this 


section, illustrated with practical, 


Engine Mounts 


proved designs. Production designs for 


an overturn structure suitable for an 
open cockpit airplane are also shown, 
as are empennage and tail gear attach- 
ment methods for an all-steel-tube 
fuselage structure. Locations of major 


fittings are shown in Fig. 11, above. 


General design considerations for radial engine mounts 
are shown in Fig. 12. An engine mount in a drill jig for loca- 
tion of attachment holes after welding is shown in Fig. 13; 
at the right is the same mount completely fabricated, drilled, 
machined and ready for installation on the fuselage. It 
should be noted that the layout geometry of engine mounts 
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of this type is based upon having all tube center lines con- 
verging at joints, where practicable. 

Junctions of ring and tubes should not be located directly 
at engine attachment fittings. This will permit planar align- 
ment of the fitting faces by local heating after welding. 
This is especially desirable if a fairly high tolerance can be 
allowed on the planar alignment of these fittings—in the 
order of 0.010 inch. A generous tolerance will permit final 
sizing of the fittings prior to final welding, which will greatly 
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facilitate production by avoiding handling of the complete 
assembly during machining operations. 

When close telerances are required on planar aligninent, 
such as -+0.002 inch, it may be necessary to complete final 
sizing, facing and reaming of fittings after the completion of 
welding. The complete assembly must be handled during 
these machining operations, increasing production time since 
the large bulky form of the complete engine mount is awk. 
ward to handle. 
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Fig. 12—General design considerations for radial engine mounts built up from steel tubing 
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Steel forgings for engine mount at- 
tachment fittings are standard practice 
and their use lends itself well to eco- 
| nomical production. The obvious objec- 
tion to the use of forged fittings is that 
the walls to which the tubes are welded 
must be fairly thick in order to prevent 
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Fig. 13—Radial engine mount in tool jig 
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the forging billet from chilling before 
the forging operation can be finished. 
Thus the forging walls are usually 
heavier than required for the stresses 
involved and are much heavier than 
the walls of the attaching tubes. As a 
result, local preheating of the fitting 


----Engine mount attachment fitting (forging) 
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may be required in order to obtain a 
satisfactory weld. This condition can 
be overcome by machining the forged 
fitting all over to reduce wall thickness, 
but it is doubtful if this would cost less 
than heating during welding, or thin- 
wall forgings. (Continued on next page) 
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For small engine mounts, the 
clevis-type of fitting may be used satis- 
factorily for connection of mount to 
fuselage and will be more economical 
than a forged fitting. The stirrup is 
formed to a U-section from sheet steel; 
the side plates can be made on the 
identical blanking die. The unit fitting, 
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consisting of stirrup and two side plates, 
is welded as a bench sub-assembly, and 
later welded to the engine mount tubes. 
If additional bearing area is required 
for the attachment bolt, it can be ob- 
tained by making the side plates as 
forgings with heavy bosses for the bolt. 

The exact type of tube truss required 


attachment 
fitting, 
\ 
\ f 8 Strirrup 
yi 
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PLAN VIEW 


to support a linear engine will depend 
upon the cylinder arrangement of the 
particular engine. This will be realized 
if it is considered that linear engines 
are available with cylinders in line or 
in vee, and may be either upright or 
inverted. A typical installation for a 
small inline, inverted engine is shown. 
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The majority of modern air- 
planes are of the cantilever, low-wing 
monoplane type. In most of them thè 
wing attachment method involves con 
nection of the front and rear wing spars 
to the fuselage lower longerons, thus 
requiring four attachment points. It is 
highly desirable that each be made with 
a single bolt, both to reduce tooling 
costs and final assembly time. The 
sketch in Fig. 17 shows a_ proved 
method of making provision in the 
fuselage-lower longeron for the attach- 
ment bolt wherein steel bar bosses are 
welded to both sides of the longeron, 
with a through gusset providing sufi- 
cient weld area for adequate stress 
transfer. The through-gusset actually 
passes through the longeron. Side 
tubes and longeron are slotted on the 
center line to receive the gusset. 

Attachment of wing beam to the 
longeron fitting is shown at right. 
This attachment consists of a stirrup 
type fitting bolted to the wing spar 
cap strip, and is rather expensive to 
manufacture, owing to the necessity 
of accurately slotting a quantity of 
tubes to form the joint. However, it will 
permit the transfer of high stresses 
without danger of failure. 

Alternate method of wing attachment 
shown in left of Fig. 18. The longeron 
itself is unaltered—neither pierced with 
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a bolt boss nor slotted for a gusset. 
This joint will weigh slightly more 


than the one previously described, but k faa 

has the advantage of being considerably | Ft the 

easier to manufacture. The joint has tubes 

two straps, one on each side of the Fuselage 4 
longeron, which extend up the side Side tubes” 


tubes a short distance. The bolt boss is 
carried by the fitting attached to the 
wing spar; connection is made by a 
single bolt. A possible objection to this 
design over the preceding one is that it 
weighs a little more, and the attach- 
ment bolt is a short distance below the 
longeron, so that the gap between 
longeron and wing spar is slightly 
greater. If the stress being transferred 
is fairly high, it may be necessary to 
forge the side straps or machine them 
from plate stock to obtain thick bosses 
with adequate bearing area. 


| Method of wing attachment adaptable Fuselage | Stent 
id to the connection of the lower wing la welded to strap 
¥ panels of a biplane to the fuselage Cross tube on inside 
ol lower longerons is shown lower right. \ 
i Fig. 18. This is a variation of the id 
e method previously shown, and likewise 
jo is readily adapted to production. The Fig. 18 - 
d side straps may be aligned or straight- Side strap- Wing attachment 
a ened after welding, and the attaching bolt sleeve SIDE VIEW 
bolt hole located, drilled and reamed. 
Overturn Structure for Open Cockpit Planes 
Ir Modern open-cockpit airplanes, 
ng and others provided with military-type we 
the inclosure pe er over the cockpit, oa MN iiaii 
= provided with a structure which pro- 4 Na 
= tects the crew if the airplane should Center gusset oe N ~>- Gussets 
- overturn on the ground. This unit is ae ae \ (Same oneach side) 
fr usually a rigid truss structure which ca puhe)” 
. rises a sufficient distance above the 
ng cockpit to provide the required pro- 
rhe tection. A typical design, shown in Fig. 
ved 19, consists of four heavy-wall tubes of 
the generous dimensions, rising above the 
ch- upper longerons and joining at a point 
” above the center line of the fuselage. 
E The apex of the tubes is welded and 
. 2 gusseted to a cap sheet of heavy steel 
ik plate which provides sufficient bearing 
an area to support the weight of the air- 
ee plane even in the event of a nose-over 
the on soft ground. On airplanes having 
the military-type inclosures, the crown of 
the cap plate can be curved to match 
ght. the inside contour of the cockpit canopy. 
iy The design illustrated lends itself well 
gi to production, as it is possible to tack- 
a weld all parts into position before the 


i final welding operation is started. Thus 
0 i . . 
only a minimum of set-up time is re- 


wil quired. The welding operation can be 
ii completed without interruption and 
a without the attendant danger of a par- 
an tially-welded joint cooling during a 
= secondary set-up before it is finished. 


(Part II will appear in December) 
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Pressure foot on high-speed indus- 
trial sewing machines, made by Union 
Special Machine Company, is subject to 
extreme vibration at high speeds of 
6,000 stitches per min., and requires a 
fabricating method which will give uni- 
formly high strength and long life. 
When formerly torch brazed with brass 
spelter and flux the strength was unre- 
liable, rejects were high, and the assem- 
blies had to be pickled to remove oxides 
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REDESIGNING FOJ 


and flux. Hand filing was necessary to 
remove excess brazing metal before the 
heat-treating operations. Assembly is 
now made by electric furnace brazing, 
using the same parts. Copper wire rings 
are placed at the joints between the 
parts, and a large number of the assem- 
bled parts are loaded on a tray into a 
box-type controlled-atmosphere furnace. 
Temperature is automatically regulated 
and the brazing process is clock-timed 


by the operator. This gives close control 
not possible with torch-brazing, and 
assures that each part will be of uni- 
form high strength. Since the parts are 
heated and cooled in a protective atmos- 
phere, no flux is required to assure wet- 
ting, and no scale forms on the surfaces 
of the parts. Because of the uniform 
amount of copper in the wire rings, all 
assemblies have smooth, neat fillets and 
no metal need be removed by filing. 
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FURNACE BRAZING-II 


Bilal Electric Company 


‘Orignal forch- 
brazed cylinder 


= fyrnace- 
brazed 


joints 


Air-cooled cylinders of the Brown 
Junior model airplane motor, which de- 
velops 0.24 hp. at 5,200 r.p.m., were 
originally torch-brazed at the joints 
Where the exhaust manifold and air- 
intake manifold are fastened, and where 
the intake tube joins the manifold. After 
brazing special cleaning operations were 
hecessary, and rejections because of 
leakages were many, according to Mr. 
Edward Roberts, of Junior Motors Cor- 


November, 1940 


poration. In redesigning for furnace 
brazing, copper wires are formed into 
rectangular rings and placed in the two 
manifolds as shown. The tube is then in- 
serted and spot welded into the intake 
manifold, and the manifolds are assem- 
bled and spot welded to the cylinder 
to hold assembly together. A ring of 
copper wire is placed over the intake 
tube. Assemblies are then set, tube up, 
in fixtures on a mesh-belt conveyor and 


i 


furnace 
brazed 
cylinder 


passed through an electric brazing fur- 
nace. The copper is drawn into the 
joints by capillary attraction, forming 
strong, tight bonds and leaving neat fil- 
lets which require no pickling, filing or 
grinding. Non-uniformity has been 
eliminated, and rejections because of 
leaks have been reduced. Light weight 
is essential in the fabrication of this 
motor cylinder because of its extensive 
use in airplane and motor boat models. 
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STUFFING BOXES-II 


Pressure Sealing Devices for Rotary Shafts 


Engineering Department, Hendrick Mfg. Company 


HEN deciding whether or not 


a stuffing box for a rotary 
shaft need be jacketed, sev- 
eral factors should be considered such 
as the temperature of the medium sur- 
rounding the box, the heat generated by 


frictional power losses in the box, the 


heat dissipated from the bearing mem- 
ber, and the heat radiating capacity of 
the box. The question of cooling the box 
in order to remove heat imparted to it 
through contact with a medium may be 


decided by the general rule that the 


temperature of the box should not be 
allowed to exceed 212 to 250 deg. F., 


especially one containing a bushing or 
bearing member. 
Heat generation and power loss 


caused by friction can also be evaluated. 


Let f equal the coefficient of friction of 


the shaft on the packing and let R equal 
either the bearing pressure imposed on 
the packing by the shaft (where the 
box does not contain a bushing or bear- 
ing member) or the reaction of the 
packing to the shaft caused by the gland 
pressure, then 
on: ne 
T (D2—d?) 


the moment of friction 


M; = f Rd/2 (19) 


and the loss of work by friction in in.-lb. 
per min. is 

2r M;N (20) 
in which N is the r.p.m. of the shaft. 
By conversion to appropriate units, the 
horsepower loss H can be obtained from 


H = 8X10° RfdN (21) 


Table II gives, for the various operat- 
ing temperatures of the box and various 
conditions of ventilation, the expected 
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radiating capacity of the box in hp. per 


sq.in. of box surface area. Where the 
power loss in the box divided by the 
projected area of the box gives a value 
exceeding the expected radiating ca- 
pacity of the box as given in Table II, 


then the box must be jacketed to effect 


the proper rate of cooling. 
A problem which should be consid- 


ered in this connection is that of forced 
lubrication of the stuffing box. Lubrica- 
tion is adopted as a means of increasing 


the life of the packing and/or decreas- 


ing the frictional power loss when the 
gland pressure is high. 

Forced lubrication of the box be- 
comes necessary when: 


1. The packing used does not contain, 
by impregnation or otherwise, its own 


lubrication; or when the condition of 
gland pressure under which the pack- 
ing’s lubricant is yielded is one at which, 
for the shaft speed involved, the nature 
and quantity of lubricant available in 
the packing is not sufficient to reduce 


materially the coefficient of friction. 


2. The bearing reaction of the shaft 
on the bushing and/or on the packing is 
constant in direction and eccentric, and 
also where the speed of the shaft is such 
as to cause a gathering of the lubricant 
behind the line of maximum bearing 
pressure. 

3. The rotary shaft is subject to 
“chattering” or vibration, or the shaft is 
operated at or near its critical speed, 
thus increasing the tendency to rupture 
the lubricant film. Whether forced lubri- 
cation is necessary or not may be judged 
from the use of an empirical equation, 
in which R is either the radial squeeze 
of packing or the load imposed on the 
packing by the shaft, A, is the area of 
shaft in contact with the packing, and v 


Table Il—Heat Dissipation in Boxes 


EE, TT I U a a elm a a 


TEMPERATURE RtsE IN Box, 


| 60 
Deg. F. 


Well Ventilated Box.. 
Warm Atmosphere 

Contacting Box................] 0.033 
Box Integral with Device | 
Functioning at Elevated Temp.. | 


061| 0.16 | 0 91 | 0.44 


0.066) 0.11 | 0.18 | 0.25 


90 | 120 | 150 | 180 


| 

| Heat Dissipation 
- — in terms of HP. 
per sq. in. of 
radiating surface 


| | 
| 


012) 0.019) 0.024) 0.032) 0.044 
| 


a 
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is the surface speed of the shaft in ft, 
per min. 


(+) » = 150,000 (22) 


When, for any given condition, the 
calculated quotient exceeds 150,000, 


then forced lubrication becomes man- 


datory. 

The decision to jacket the box should 
also be influenced by the quantity of 
heat generated in the bearing or bush- 
ing during service. Equations (19), 


(20) and (21) can be applied to calcu- 


late the heat generated through friction 


where R is taken as the load imposed on 
the bushing by the shaft. The radiating 
capacity of the box as it affects the dis- 


sipation of heat from the bushing can 
be determined from the use of Table Il, 
The required heat dissipation capacity 
is determined by the ratio. 


Hp s 


aw Dal 


When the value so calculated exceeds 
the radiating capacity of the box as in- 
dicated in Table II, then jacketing of 
the box is required. 

In the design of rotary spring pres- 
sure type seals the important considera- 
tions are: the spring load, the selection 
of rider and seal ring assembly mem- 
bers, and the provision of adequate 
lubrication for the seal and rider assem- 
bly. The problem of the selection of 
proper materials for the seal rider and 
seal ring assembly is concerned with 
two factors: first, the condition of cor- 
rosion which is encountered and, second, 
the estimated bearing pressure estab- 
lished in the assembly. The question of 
the corrodibility of the materials in the 
seal ring rider should be considered 
from the standpoint of the corrodibility 
of each material separately, as well as 
from the possibility of reduced corro- 
sion resistance of either material in the 
presence of the other, that is, the possi- 
bility of a galvanic couple being set up 
with the medium against which the seal 
works should be investigated. i 

Referring to Fig. 2 (Part I, page 4lí. 
Propuct ENGINEERING, Sept., 1940). 1t 
will be seen that in order to calculate 
the spring load it is necessary not only 
to calculate the force required to de 
form the neoprene washer, but also to 
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Fig. 7—Box with a spring compensating seal. Bushing in gland 
prevents whipping of shaft thus increasing packing life 


calculate the contact load for the seal 
ring. Let F, equal the force to deform 
or yield the neoprene washer, then 


Fy=rbCy (23) 


Also let F, equal the minimum force re- 
quired to compress the washer under 
operating pressure to obtain a tight 
joint, then 

Fiı= 2rbmpC (24) 
Let U equal the hydrostatic end force 
acting on the seal assembly, then 


U= 7 (C-ë)p (25) 
The seal ring yielding load F, is 
Fe=xbCy (26) 


The seal ring yielding load under pres- 
sure F, is 

F; = 2rbmpC (27) 
The largest of the sums 


(Fa + Fo) 

(Fi + F: + U) (28) 
(Fs + F: + U) 

(Fs + Fe + U) 


can be taken as the spring load. The 
diameter of helical spring coil ds to 
effect the imposed load W can be ob- 
tained from 

S. = allowable unit stress in spring coil, 

lb. per sq. in. 

(The allowable unit stress in spring 
coils may be taken at 60,000 lb. per sq. 
in. for steel springs in high-pressure 
rotary spring pressure seals, at 60,000 
to 70,000 Ib. per sq.in. for heavy-duty 
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Kettle cover---, 


service steel springs, and up to 110,000 
Ib. per sq.in. for light service steel 
springs, this latter value should not be 


exceeded, even in low pressure seals.) 
- T d 3 Ne 
PEL 29 
W gC (29) 


while the number of coils n to be used 
can be determined from 
G = torsional modulus of material in 
spring 
f. = allowable deflection in helical 
spring coil 
_Gdåf. 
8 W C? 
The thrust load imposed on the shaft as 
a result of the spring assembly is W. 
And similarly the thrust load assumed 
by the seal ring rider assembly is V 
minus U. Therefore, the seal ring may 
be proportioned by choosing values for 


(30) 





n 


dı = outside dia. of thrust loading seal 
ring 

inside dia. of thrust loading seal 
ring to satisfy the equation 
_W-U 


TZ (d—d;?) 
4 


dz 


ll 


P= (31) 


In applying Equation (30), the safety 
factor should be liberal for the allow- 
able bearing pressure when the periph- 
eral speed of the seal rider exceeds 600 
ft. per min..in order to take care of poor 
lubrication that may result from centrif- 
ugal force acting on the lubricant be- 
tween the seal rider and seal ring. For 


Packing-----~.. 


IA 





X 


NX 


baat 





(D 


_-Metal washer 





g Asbestos gasket 


Fig. 8—Internal and external boxes combined in one unit to 
obtain tandem action, prevents leakage from external box 


normal lubrication, the allowable bear- 
ing pressure P can be obtained for any 
mean surface speed in ft. per min. of 


seal rider v, from the equation 


Pv, = 100,000 (32) 


Since the moment of friction for the 
thrust loading seal ring is 


f 3— d. 
G o (Es) om 


then the friction loss of power will 
equal 








i n [ dè— d? 
1.7 X 10“ r f (W— U) (a=) (34) 


Knowing this, it is possible to make 
provisions for jacketing the box in 
accordance with the laws previously 
set up. 

Because of the great variety of pos- 
sible designs which employ a rotary 
spring, pressure seal, some of which are 
shown in Figs. 7, 8, 9 and 10, both in 
the seal assembly (double or single 
seal assemblies) and in the containing 
box, basic equations for dimensioning 
the box cannot be set up, however, the 
rules set down with regard to rotary 
spring pressure design can in their form 
be manipulated to accommodate any 
variation in the design of the assembly. 

The type of box having a spring com- 
pensating seal, shown in Fig. 7, can be 
used in applications where a bushing in 
the floor of box would not be desirable 
because of the presence of corrosive ma- 
terial in the tank to which the box is 
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Metal washer- 


B¥4---Helical spring 


Asbestos 
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Fig. 9—Forced lubrication of box to reduce friction is obtained 
by head on oil equal to the internal pressure in kettle 


attached, or where lubricant leakage 
from a bushing in the floor would be in- 
jurious to material in the tank. The 
gland bushing prevents deflection or 
whipping of the shaft thus increasing 
the life of the packing. 

Another design of box shown in Fig. 
8 in addition to the conventional box 
includes a spring compensating seal. 
The design advantages of this type are 
tandem action of an internal and an ex. 
ternal box, and prevention of lubricant 
leakage from external box into the 
kettle. 

The type of box shown in Fig. 9 dif- 
fers from the one shown in Fig. 8 in 
that forced lubrication is provided to 
reduce the coefficient of friction between 
the shaft and the packing. With an in- 
crease of the internal pressure in the 
kettle the pressure on the lubricating 
oil also increases. 

The rotary spring pressure seal 
shown in Fig. 10 has been used success- 
fully on kettles in vacuum, low and 
medium pressure ranges with high 
speed shafts. In this design a helical 
spring deforms two sets of neoprene 
rings, forcing these to seize the slotted 
sleeve and also the shaft, leakage along 
the shaft is thus prevented, also the seal 
rider is forced to rotate at a fixed pres- 
sure against a thrust loading seal ring 
which prevents or throttles down leak- 
age at the point of entrance of the shaft 
into the box. 

A comparison of the merits of the 
types of seals discussed may have some 
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seal ring 


Pin--- 
Slotted sleeve-- 


----Packing 


value. Since the rotary spring pressure 
seal is less known and more recent in 
development than the typical packed 
box, it is well to approach this subject 
from the standpoint of the advantages 
of the former over the latter. Briefly 
put, these may be listed as: 


1. Reduced frictional loss of power 
especially when sealing against high 
pressures 

2. Absolute protection against “scor- 
ing” of the shaft as frequently occurs 
with packed boxes 

3. With proper design the life of the 
seal as an efficient device is much 
longer 

4. Makes possible the incorporation 
into the box of anti-friction bearings 
thus insuring reduced whipping of the 
shaft when the bearing loads are heavy 
and lower maintenance on the mechan- 
ism as a whole. 

For most applications, the advantage 
of the. packed box as opposed to the 


--Sea/ rider 
-Neoprene 
-Metal washer 


“Seal box 
SAAS 


Asbestos gasket: VMK 


Thrust bearing 
seal ring 


Fig. 10 —Rotary spring pressure seal in which a spring forces 
two sets of neoprene rings to seize shaft and also sleeve tube 


rotary spring type is the cheapness of 
original fabrication. Furthermore, in 
certain installations where the medium 
against which the rotary seal works is 
corrosive to all of the ring-seal rider 
assemblies available, a box packed with 
a chemically inert packing may provide 
the only answer. 

It is important to note that in any 
comparison of these basic designs one 
should not lose sight of the fact that 
these two types of seals are capable of 
complementing one another. There fre- 
quently arises the problem of sealing 
lubricants contained in the packed box 
against possible leakage into the mech- 
anism to which the box is attached. To 
meet this difficulty internally and ex- 
ternally packed boxes are sometimes 
used, however, such designs usually in- 
volve difficult adjustment of the pack- 
ing in the internal box and frequently 
injudicious tightening up on the pack- 
ing with attendant difficulties. 


Current Quotations 


“Scientists speak casually of harnessing the winds for power, of 
drawing upon the heat of the sun, of using even the surge of the tides 


for power to replace fuel that by then may be gone. 


Laws will not 


prevent men from thinking. And so long as they think, so long as they 
refuse to accept the present age as perfect, advances will be made.” 


Dr. Epwarp R. WEIDLEIN 


Director, Mellon Institute of Industrial Research 
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National Defense Progress Not So Slow 


As It Seems, Washington Sources State 


Army, Navy and national defense officials say defense preparations are 


“running smoothly” and express completeconfidenceinexisting designs 


Top-RANKING business executives of the 
nation believe that national defense 
preparations are not as effective as 
they might be, according to the For- 
tune Forum of Executive Opinion. Un- 
doubtedly this seems to be the national 
“beef”, but it is unfounded, according 
to Washington sources. Military, naval 
and defense men have told Propuct 
ENGINEERING that defense preparations 
are running “as smoothly as can be 
expected.” 

A review of reports made during the 
past few months substantiates this. 
True, there have been and still are 
difficulties, but the whole picture is 
encouraging. Take the spotlighted air- 
craft industry as an example. Major 
units (Martin, Boeing, Douglas, Curtiss- 
Wright, Pratt & Whitney, Packard) are 
already pushing expansion to the limit. 
Martin alone is spending $24,000,000 
of their private funds, Packard is 
spending $30,000,000. Total produc- 
tion capacity has already been upped 
from 6,000 to nearly 10,000 per year. 
Although slightly behind schedule now, 
it is expected that by the end of the 
year the rate will be 13,000. In 1941 
it will reach 24,000 and 1942 will see 
35,000 planes turned out. Boeing now 
completes Army trainers at the rate of 
one every three hours, a figure which 
will be increased to one every 90 min. 
in four months. Training planes are to 
be delivered to our government first, so 
that when fighters are delivered in 
large quantities there will be pilots to 
fly them. Roughly 40 per cent of our 
production during the next year will be 
pursuit planes sent to Britain to keep 
the Messerschmitts out of London’s 
hair. Ford’s new aircraft engine plant 
will be turning out Pratt & Whitney 
air-cooled engines at the rate of 15 per 
day within eight months. 

We read in the newspapers that it 
will take 5 years to get a two-ocean 
Navy, and read of new and reconditioned 
yards just beginning to lay keels for 
new ships. But it is not generally 
realized that some of the ships included 
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in the plans have already been deliv- 
ered, and others have already been 
launched or will be launched in the 
near future. It is not as discouraging 
as if we weren’t to have any ships at all 
for five years. Then too, speed-up in 
shipyards can and will greatly reduce 
that 5-year figure. 

On the all-important arms and ammu- 
nition industry, little has been reported. 
It is known that arsenals are on a 
three-shift basis, though they are hav- 
ing trouble securing enough skilled 
men. For ordnance purposes almost 
100 plants are planned. Over 60 per 
cent of the money made available by 
Congress for munitions manufacture 
has already been awarded. Garand 
rifles are said to have reached a pro- 
duction of 500 per day at one arsenal 


SHIPBUILDING BOOMS 


Merchant Ship Tonnage Under 
Construction in American Yards 


(first of month figures) 








Millions of Gross Tons 


0 
LERaRT EAS ORD 


Dote: American Bureau of Shipping. © BUSINESS WEEK 





Maritime Commission is pushing mer- 
chant shipbuilding so that the country 
can be ready for any shipping emergency. 
The boom is already a year old. On 
Oct. 1, 329 vessels were on the ways 


alone. , About tanks, it is known that 
light tank production is now 100 units 
per month, and is rapidly increasing. 

The machine tool industry is pointed 
to as one of the most critical bottle- 
necks. Machine tool builders suddenly 
found themselves with a four-fold in- 
crease in business, and with a tough 
problem as to who needs the machines 
most. But they jumped quickly and 
voluntarily into a close cooperation 
with the Defense Committee. Knudsen 
recently stated that the builders are 
looking for subcontractors of parts, 
have found some, and are thus greatly 
increasing their capacity. 

Materials are not giving much 
trouble. Away back in July the steel 
industry took stock and reported that 
the only serious bottleneck might be 
in armor plate production, this in spite 
of the fact that one maker boasted he 
could make all the light plate required. 
Few companies have had experience in 
fabricating armor plate. There might 
be a squeeze on alloy steels, but this 
can be corrected by using plain steels 
in certain non-essential applications. 
Blast furnace, open-hearth, and _ bes- 
semer furnace capacities are sufficient. 
Strip and sheet mill facilities and tube 
mills are adequate. Electric furnace 
alloy steels are now on the short end 
of capacity, but expanding. Strategic 
materials are little cause for worry, 
Washington states, as long as we are 
careful with them. 

Reassuring reports have also come 
from such widely diversified industries 
as textiles (which industry states that 
mistakes of the last war are being 
averted this time), railroads and trans- 
portation, foods, rubber and petroleum. 


Static Period Almost Over 


One reason set forth for the prevalent 
feeling regarding the effectiveness of 
our national defense is that many people 
do not fully understand the “static” 
period that must precede large scale 
production. Product engineers do 
understand this phase, because in it 
design is an important element. In 
addition to settling on designs, much 
time must be consumed in determining 
production needs, financing expansion, 
clearing orders, training personnel, and 
in this case providing new laws to take 
some of the load and risk of expansion 
off the shoulders of defense manufac- 
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turers. Most of this work is now done. 

What seems to be intelligent criti- 
cism shows an understanding of the 
static period, gives designers and manu- 
facturers a clean slate, but claims that 
much of the political “hogwash” at- 
tendant to defense provisions could and 
should be eliminated. Predictions are 
that after the election politicians, mili- 
tary men and industry will get together. 


New Glass Treatment 
Increases Transparency 


GLASS SURFACES can be made more 
transparent by a new surface treatment, 
it was recently reported to members of 
the Optical Society of America. Re- 
search now being conducted by Frank 
L. Jones and Howard J. Homer at Mel- 
lon Institute indicates that by dissolving 
away the oxides from a thin layer on the 
surface of the glass the polished surface 
reflects less and transmits more light. 
Previous methods achieved the same 
effect by applying molecular films of 
another material. 

If the solvent used does not dissolve 
silica, no damage is done to the surface 
polish. A weak acid solution, such as one 
per cent nitric acid, was found to be 
the best solvent, although solutions of 
salts, alkaline phosphates, melted salts 
and even water were found to show the 
effect in varying degrees. Glass surfaces 
not freshly prepared were found to re- 
act in an uneven fashion. However, 
once the surface film has been formed 
it can be processed in various ways that 
will render the surface unreactive, so 
that a second treatment will not appre- 
ciably change the thickness of the film. 

This new process may have wide- 
spread use in all types of optical instru- 
ments, such as photographic lenses 
which may be made “faster,” astro- 
nomical telescopes, periscopes, and 
telescopes for night use. 


Resistance Welding 
Welds Heavy Sections 


FORGE-WELDING, a new process of heavy- 
duty electric resistance welding, makes 
possible the spot welding of heavy steel 
and iron sections heretofore considered 
impossible to weld with conventional 
equipment. Typical of work which can 
be handled is welding of two pieces of 
3@-in. stock to a 1-in. section. 

Resistance forge-welding, according 
to Progressive Welder Company, con- 
sists of first applying pressure to the 
work, then interrupted current, and 
finally super-imposing a hammering 
action on the electrode. Under high 
pressure and with sufficient heat, the 
surfaces of work are brought into such 
intimate contact that when additional 
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Ideal conditions have been provided 
for All-Steel Equip Company design 
engineers. Fluorescent lights spaced 5 
ft. apart in ceiling troughs provide a 
maximum light reading of 61 ft.-candles. 
Use of fluorescent lighting made it 
possible to use 23 tons less refrigera- 
tion in the entire office. Air condition- 
ing system provides six complete air 
changes per hour. All heat and air 


“impact-pressure” and intermittent heat 
are applied a forged weld of superior 
quality is obtained. 


Passivation of Steel 
Not an Inherent Property 


PROTECTIVE FILMS on iron and iron 
alloys are effective only under certain 
conditions and in certain environments. 
stated G. C. Kiefer, of Allegheny Lud- 
lum Steel Corporation at the 22nd an- 
nual convention of the American So- 
ciety for Metals in Cleveland, in a 
paper entitled “The Passivation and 
Coloring of Stainless Steel.” 

The corrosion resistance of metals 
other than the noble metals is prob- 
ably due to causes apart from their 
atomic structure. Under one set of 
conditions alloys of iron may show con- 
siderable resistance to corrosion, while 
under another set of conditions they 
are probably attacked. Hence it be- 
comes apparent that a change in sur- 
face condition of the metal or alloy 
must be responsible for its corrosion 
resistance. 

Some metals, such as aluminum and 
chromium, have a much stronger tend- 
ency than others to form protective 
films. Some, but not much, evidence 
has been advanced on the nature of 
these films. Passivation is usually 
attributed to the forming of an insolu- 
ble oxide or hydrate film. It has been 
found that the influence of a protective 
film on alloys of chromium and iron 
is more marked than with any other 


conditioning ducts are concealed above 
the ceiling where Anemostats and grilles 
for exhausting used air are installed 
flush with the acoustic tile. Of particu- 
lar interest are the arrangements for the 
comfort of draftsmen. Drawing tables 
are kept clear by providing desks which 
the draftsman can reach by turning his 
posture chair. Desks are higher than 
standard size to permit this. 


metal or alloy. The addition of molyb- 
denum to chromium and chromium- 
nickel alloy is particularly effective in 
increasing passivity because it strength- 
ens and stabilizes the protective film in 
non-oxidizing acids and environments 
where partial destruction of the film 
is apt to occur. Mr. Kiefer also gave 
a brief general discussion of the art 
of coloring stainless steels. 


Do You Know That— 


Prastics for injection molding can 
now be colored with fluorescent dyes 
which glow under certain light condi- 
tions. Cost is no higher. (30) 


DIESEL ENGINE has advantage over 
gasoline engine for Army tanks in that 
no radio shielding is required, since 
there is no electrical ignition system. 
One tank out of three is to be equipped 
with two-way radio. (31) 


MAGNESIUM ALLOY manufacture and 
fabrication, contrary to recent Depart: 
ment of Justice assertions, are not con 
trolled by German patent interests. A 
magnesium patent holding company 
owned jointly by German and Ameri 
can firms controls the patents of both 
countries and has eliminated the ne 
cessity for either country paying royal 
ties to the other for the use of her 
patents. (32) 
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Re-styling and redesign of non- 
defense products will become steadily 
less frequent. Defense Commissioner 
Knudsen says he plans to use the entire 
tool output for setting up defense plants. 
This means that any product which is 
in mass production to the extent of 
using single-purpose tools is going to 
have a mighty hard time re-tooling for 
any extensive changes. It is now practi- 
cally an accepted fact that changes in 
1942 automobiles will be restricted to 
the barest minimum. Shortages of ma- 
terials, resulting from defense produc- 
tion, may however, set up a trend in 
the opposite direction. No real short- 
ages yet exist, but when and if they 
show up a lot of products will have to 
be modified to permit use of substitutes. 


Camouflage paint is rough, and it 
constitutes a serious impediment to the 
free flow of air on plane surfaces. But 
the concealment it offers offsets the dis- 
advantage in speed, in the opinion of 
tacticians. Mottled green and brown is 
the best combination for top camouflage 
to blend with all types of ground. Bot- 
tom surfaces are not so easy. Various 
shades of gray and blue are best for 
daylight, but the color of the sky’ varies 
widely. It has been found that a solid 
coating of lamp black offers best con- 
cealment at night, because it reflects the 
least light from search beams. A Flying 
Fortress recently passed through a beam 
of 800,000,000 c.p. undetected. 


Welding of Army tanks is going 
to be news soon. Experiments made in 
connection with design of the new 25- 
ton tanks showed that rivets are a haz- 
ard. When a bullets hits the outer head 
of a rivet, the inner head flies off and 
may kill or wound a man. Welding pre- 
sents difficulties because it spoils heat- 
treatment of armor plate at seams. How 
they overcome this will make quite a 
story. 


Fast heat-treatment furnace for 
formed aluminum parts, developed by 
Northrop Aircraft is aiding the air de- 
fense program in two ways. Aluminum, 
like other metals, is subject to corrosion 
—a serious thing in vital airplane parts. 
Research shows that susceptibility to 
corrosion is reduced if the time between 
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oven and quenching tank is reduced. 
Northrop has reduced this time from 8 
sec. to 244 sec. by designing special fur- 
naces. The second advantage gained is, 
of course, the saving of time itself. 


Powered gun turrets on fighting 
planes are the newest advance in Ameri- 
can design. The new Martin PBM long 
range patrol bombers, now being deliv- 
ered to Navy, have powered gun mounts 
that are claimed to be superior to the 
English type which has been very suc- 
cessful in the British Boulton-Paul De- 
fiant. Because it is believed more de- 
velopment work may be necessary on 
American designs, the government has 
imported already proven British pow- 
ered gun turrets which will be placed 
into immediate production. 


Standardization of airplanes means 
several different things. It can mean 
standardization of types by picking one 
model for each tactical mission and hav- 
ing the whole industry grind it out. Or 
it can mean interchangeability of parts 
and sub-assemblies between different 


models. Some thought was given to 
the first kind a few months ago, but 
it was decided that immediate produc- 
tion would be slowed if one company 
were told to build the models of another 
company. Standardization of types will, 
however, be initiated in 1942 when the 
planes now being ordered have been 
delivered and the plants are tooling up 
for new models. Interchangeability of 
parts is in the hands of the Army-Navy 
Aeronautical Board. 


Glass-insulated diving suits have 
increased the Navy’s maximum practi- 
cal working depth from about 260 to 
340 feet, and to 400. feet open ocean 
diving. It has been known for some 
time that a mixture of helium and oxy- 
gen would permit deeper diving. But 
helium conducts heat away from the 
body rapidly, causing the diver to suffer 
intense cold. If electrically-heated 
clothing were used to counteract the 
cold, there would be danger of a short- 
circuit igniting the mixture of oxygen 
and insulating fiber. The answer was 
spun glass insulation. 





Army’s latest 37 mm. anti-aircraft gun fires 125 shells per min., is aircooled, and 
travels on rubber-tired trailer unit. Shells have muzzle velocity of 2,600 ft. per sec., 
vertical range of 6,500 yd., 9,300 yd. horizontal range. 
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Location of Jam Nuts 
J. J. PESQUEIRA 


THE FUNCTION of a jam nut is that of 
preventing the main nut from rotating 
on the screw and eventually loosening. 
Principles underlying the proper loca- 
tion of the jam nut are very simple and 
understandable to anyone. In spite of 
this, the number of improperly located 
jam nuts found in assemblies is surpris- 
ingly large. Hence, the designer must 
definitely specify proper location on his 
assembly drawings. 

In no case should the jam nut be 
thought of as aiding the main nut in 
carrying the load on the screw. Incor- 
rect location of the jam nut means that 
this nut will carry the entire load. If, 
as is current practice, the jam nut is 
thinner than a standard nut, the jam 
nut thread will yield under excessive 
stresses, the load will be transferred to 
the main nut, and the locking relation- 
ship will be destroyed. 

How the jam nut locks the main nut 
is shown in Fig. 1, where the clearance 
between the screw thread and the thread 
of the nuts has been exaggerated for 
clarity. When the two nuts are suffi- 
ciently tightened one against the other, 
their adjacent ends will react against 
each other in compression, while the 
upper face of the.jam nut thread bears 
against the lower face of the screw 


Tensile load 


on screw 


Fig. 1—Principle of jam nut locking. 
Jam nut is incorrectly placed here 
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thread, and the lower face of the main 
nut thread bears on the upper face of 
the screw thread. Main and jam nuts 
that have not been sufficiently tightened 
against each other will not lock properly 
and the jam nut would be useless. 
When the main and jam nuts are 
brought to proper locking relationship, 
as described above, either one or the 
other will carry the entire load on the 
screw. Which one will do so depends on 
the location of the two nuts. The follow- 
ing typical examples demonstrate the 
proper relative location of the nuts. 
Fig. 2 shows the assembly of the two 
halves of a connecting rod head by two 
bolts the size of which have been deter- 
mined to take care of the tensile load on 
the connecting rod. The nuts on the 
right-hand side bolt are properly lo- 
cated, whereas those on the other bolt 
are not. Assuming that the two nuts of 
each pair have been sufficiently tight- 
ened, only the upper nuts are carrying 
the load. Referring again to Fig. 1, 
where the main and jam nuts are pur- 
posely shown in wrong relationship, it 
will be perceived that to the tensile load 
on the screw there corresponds a com- 
pressive load acting on the bottom of 
the lower nut. This compressive load is 
not immediately transmitted to the 


Jam nut 
improperly 
located 


Jain nut 


properly 
located 


Fig. 2—Properly and improperly located 
jam nuts on connecting rod head 


Improper 
location 
of Jam nut 





4 
Proper location 
of Jam nut 


Fig. 3—Jam nut location on table screw 


screw, but is passed on to the upper nut, 
from which it will now be transferred to 
the screw to close the force circuit. It 
is doubtful that, under the screw load, 
there could be sufficient elastic yielding 
of the various interacting elements for 
the lower nut thread ever to bear fully 
on the lower side of the screw thread. 
In this and similar applications, the 
place of the jam nut should be under 
the main nut, as in this position its 
thread will be free from the load. 
The application shown in Fig. 3 em- 
bodies the commonly employed screw 


Improperly located 
Jam nut 


\ 
|] 
\ 
ag 
\ 
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Jam nut 


Fig. 4—Proper location of jam nut on @ 
adjusting screw 
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for raising and lowering the working 
table of a small machine, such as that 
of a light nailing or riveting machine. 


4 The screw engages a threaded hole in a 
© stationary bracket below the table. To 


lock the screw, a jam nut is often used. 
It often happens that the thin jam nut 
is thoughtlessly placed on the top of the 
bracket, as shown in the figure. When 
the nut is tightened the table screw is 
slightly lifted, so that the screw thread 
will bear on the underside of the bracket 
thread. Under these conditions it will 
not be possible for the bracket thread 
to carry the screw load, and the burden 
will be shifted to the jam nut. If the 
jam nut is placed at the bottom of the 
bracket, as shown in dotted outline in 
the figure, the screw thread will bear on 
the upper side of the bracket thread, 
and will carry the screw load. In this 
particular application the jam nut at 
the bottom of the bracket admittedly 
has the disadvantage of being less 
accessible than at the top. 

In the example of Fig. 4 the jam nut 
locking the adjusting screw, which re- 
ceives a compressive load, is properly 
located at the bottom. The reason for 
this is the same as that in the case of 
Fig. 3. The adjusting screws of operat- 
ing levers like this are usually subjected 
to severe impact loads, and it is here 
that special care should be exercised. 


[Editor’s Note—This is a subject which 
has long been in controversy between 
mechanical engineers. We don’t claim 
Mr. Pesqueira is right, and we don’t 
allow he’s wrong. Let’s get this settled 
once and for all. What do you think? | 


Horse of a Different Color 
To the Editor: 


On page 379 of your August number 
(New Materials and Part Section) you 
have an item relative to the new Type 
D Mu-Switch and state that the molded 
plastic housing of this switch with- 
stands temperatures up to 900 deg. F. I 
wonder if this is an error or if it is 
possible that some new type of organic 
hot molded plastic has been developed 
which will withstand temperatures 
higher than 475 deg. F—Don Masson 

Bakelite Corporation 


To the Editor: 


In reply to your recent letter, the 
compound used in the construction of 
the Type D Mu-Switch housing is the 
General Electric 94-D compound which 
is a cold molded material. Heat treat- 
ing after molding renders this housing 
capable of withstanding temperatures 
up to 900 F. —C. W. METCALF 

Mu-Switch Corporation 
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Wine Dilution Problem 
Right or Wrong? 


To the Editor: 


Referring to Mr. H. E. Smith’s solu- 
tion to his July “Wine Dilution” prob- 
lem in the August Propuct ENGINEER- 
ING, page 376, we question his results 
and should be very glad to hear if any 
other solver has gotten his answer. In 
the last paragraph he says that there 
are 124% drops of 0.001 gal. each per 
day, but the truth is there are 125 one- 
thousandths of the gallon in one pint 
and not 12% as he says. 

—Cart P. Nacuop 
Nachod & U. S. Signal Co. 


[ Editor’s Note—The problem was wrong 
and Mr. Nachod is absolutely correct, 
Mr. H. E. Smith hastens to admit. The 
correct answer works out to 36.57 per 
cent wine remaining in the jar. In ad- 
mitting this slip, Mr. Smith made some 
emphatic remark about decimal points. 
We didn’t quite catch what he said, but 
we think we know what he meant. | 


Offer Simpler Methods 
For Determining Angles 


To the Editor: 


After looking over Mr. Drachman’s 
short article “Trigonometric Method to 
Determine Angles” (Propuct ENGcI- 
NEERING for August, page 375), I recall 
a simpler method that was taught me 
some fifteen or sixteen years ago, when 


I was a struggling young draftsman. 
For example, if an angle of 27 deg. 
49 min. is to be laid out as shown in 
the diagram, choose a base line of any 
convenient length AB, 5 in. in this case. 
Referring to a table of tangents, the 
tangent for 27 deg. 49 min. is 0.52761. 
Multiplying this tangent by 5, we get 
the figure 2.638. Then constructing per- 
pendicular BC 2.638 in. high, draw line 


CB=AB fan æ 





AC which will produce an accurate 
angle of 27 deg. 49 min. This method 
can be made considerably more accurate 
by taking line AB of greater length, 
such as 10 in., although the method 
begins to get clumsy as an angle of 45 
deg. is approached. 
—Ratpu H. WELLER 
Booth Brothers Company 


To the Editor: 


Mr. M. K. Drachman in his “Trig- 
onometric Method to Determine An- 
gles” wished to know if any information 
concerning his method or formula had 
been found elsewhere. Although I have 
never seen his particular method for 





Can You Work This One? 


H. E. SMITH 


Solution to September problem— 


How Deep the Pond? 


A man, wanting to know the depth of 
his pond, noticed that a water lily grow- 
ing straight up from the bottom had 
its blossom 1 ft. above the surface. This 
blossom was blown over by a strong 
wind until it rested on the surface, at 
which time it was 6 ft. from its original 
position (not on the surface). By dia- 
gram, where R is the stem length, 

X? + 1 = 36, hence X* = 35 
R®? = 35 = (R-1)’ 
Solving this equation, (R — 1) = 17 ft. 


This month’s problem— 
Author! Author! 


Six authors are seated, three on a 
side, in a first-class railway compart- 


ment. Their names are: Black, Brown, 
Gray, Green, White and McGillicuddy. 
They are (but not respectively) an es- 
sayist, a historian, a humorist, a novel- 
ist, a playwright, and a poet. Each is 
reading a book which some other occu- 
pant of the compartment has written. 

Mr. Black is reading essays. Mr. 
Gray is reading a book by the author 
sitting opposite him. Mr. Brown is sit- 
ting between the essayist and the humor- 
ist. Mr. McGillicuddy is sitting next to 
the playwright. The essayist is facing 
the historian. Mr. Green is reading 
plays. Mr. Brown and the novelist were 
at school together. Mr. Black, who is in 
a corner seat, has no interest in history. 
Mr. Green is facing the novelist. Mr. 
McGillicuddy is reading a book by the 
humorist, and Mr. White never reads 
poetry. Classify each of the six authors 
and tell what they are reading. 
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constructing angles used before, the 
formula L = 2R sin 1/2a is commonly 
used for determining the length of a 
chord. 


However, I might suggest that as long 
as he must make two measurements (L 
and R) in his construction, the follow- 
ing method is just as simple and saves 
hazardous multiplication. 

Along the base line from point A in 


AB = Unit length 
BC= sina 


7 


n 


the diagram herewith, lay off one unit, 
preferably 1 in. From this point B 
swing an arc equal in radius to the sine 
of the angle to be constructed. Draw 
AC tangent to this arc and you have 
CAB, the angle desired. To avoid any 
construction difficulties for angles ap- 


Case 


(Eprrors Norte: The purpose of 
these Case Histories is to give a better 
understanding of the patent law in the 
public interest. The author advises 
that actual cases should be submitted 
to your own patent attorney.) 


No. 19 


Question: What happens to a patent 
application when the Patent Office re- 
jects it finally? 


Answer: The Patent Office finally re- 
jects a patent application by the Ex- 
aminer in charge of the application. 
Under a recent new law, the inventor, 
when his claims have been twice 
rejected, may bring the matter to a 
conclusion by appealing to the Board 
of Appeals. In the event that the Board 
of Appeals decides against him, then 
his remedy lies in either filing an appeal 
in the United States Court of Customs 
and Patent Appeals, or he may file an 
action against the Commissioner of 
Patents under Section 4915 of the 
Revised Statutes in the United States 
District Court for the District of Colum- 
bia, to compel the Commissioner to 
grant him a patent. In that Court he 
may introduce witnesses and physical 
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proaching 90 deg., use a unit length 
AB’ on the perpendicular as the base 
line and swing an arc whose radius B’C 
is the cosine of the desired angle. 

—G. R. GRENZKE 


Wolverine Tool Company 


“Automobiles of 1941” 
Brickbats and Bouquets 


To the Editor: 

Your October issue is mighty interest- 
ing reading for automobile engineers. 
We found several drawings in it which 


were not published elsewhere and alto- 
gether we think it is quite a contribution 
to our knowledge of the new cars. 

We would like to call your attention 
to two errors we noticed. On page 471 
it is stated that pressure cooling was 
first introduced on Buick in 1940. We 
do not know who introduced pressure 
cooling but we do know it has been used 
on Pontiac eight cylinder cars since 
1937. We also noted the item about the 
front floor of the Pontiac, page 483, 
which is incorrectly written as “trunk” 
floor. 

We think you and your associates 


H. A. TOULMIN, JR. 


and documentary exhibits to show the 
difference between his invention and the 
prior art. After his trial in this court, 
if the United States Judge decides 
against him, then he has the right of 
appeal to the United States Circuit 
Court of Appeals for the District of 
Columbia where the Judges of that 
court will review the record and the 
decision of the District Court below. 

In Pitman et al v. Coe, Commissioner 
of Patents, 68 F.(2d) 412, the Court 
of Appeals for the District of Columbia 
stated: 


“It has long been provided by statute 
that every applicant for a patent whose 
application has been finally rejected in 
the Patent Office may have either one 
of two alternative remedies: First, he 
may appeal under Section 4911, Rev. 
St., as amended March 2, 1929 (35 
U.S.C.A. Sec 59a) to the United States 
Court of Customs and Patent Appeals 

.„ Or, second, he may file the bill in 
equity permitted by Section 4915, Rev. 
St. . . . He cannot prosecute both reme- 
dies. These two remedies lie to different 
courts. They differ in procedure, the 
one is an appeal upon the record of 
the Patent Office, and the other is an 
original suit in a court of equity. The 


are to be congratulated on the auiomo.- 


bile issue. —F. H.K. 
Detroit, Mich. 


To the Editor: 


I enjoyed your October issue of P. E, 
and think you have done a particularly 
nice job of automobile design feature 
presentation. However, I was somewhat 
surprised that the Chrysler Simplimatic 
transmission incorporating a fluid cou. 
pling was described as an automatic 


drive. I am sure you will agree that this 
drive is not fully automatic except in a 


very narrow range of operation. The 
only fully automatic drive to my knowl. 
edge, is the Oldsmobile Hydromatic 
which you described last year. Compara. 
tive studies of the design details will] 
show this. Also Oldsmobile is the 
only car that completely dispenses 
with the clutch pedal and its attendant 
mechanism. —PARKER WILSON 

Chicago, Ill, 


| Editor’s Note—Guilty again. Mr. Wil- 
son is correct in calling our attention to 
a bad case of mis-labeling. With the 
emphasis on simplification of car opera- 
tion, the word “automatic” is being used 
loosely for “semi-automatic.” | 


Histories in Patent Law 


latter proceeding calls for a trial de 
novo with all the customary power of an 
equity court to hear the evidence fully 
and to make its own findings.” 

In General Talking Pictures Corpora- 
tion et al v. American Tri-Ergon Cor- 
poration et al., 96 F. (2d) 800, the 
Third C.C.A, stated: 

“’.. A suit under section 4915 is ‘an 
original independent action in which the 
questions in issue are tried de novo 
upon all competent evidence new and 
old.’ ” 

In Bakelite Corporation v. National 
Aniline & Chemical Company, 83 F (2d) 
176; the Second C.C.A. stated: 

“Tt cannot be doubted that the statute, 
as it now reads, means to give alterna- 
tive remedies to an applicant to whom 
a patent has been refused. He may 
appeal, ‘in which case he waives his 
right to proceed under section 63 of 
this title’ (35 U.S.C.A. Sec. 59a); or 
he may have his remedy by bill in 
equity, ‘unless appeal has been taken 
from the decision of the board of ap- 
peals to the United States Court of Cus- 
toms and Patent Appeals, and such 
appeal is pending or has been decided, 
in which case no action may be brought 
under this section.’ ” 
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Small Circuit Breaker 


Designed primarily for protection of 
lighting, appliance, and motor circuits 
in homes, buildings and factories, this 
new “Quicklag” circuit breaker com- 
bines for the first time in a single unit 
a cooperative magnetic and thermal 
trip. This combination of bi-metal 
thermal and magnetic trip actions gives 
instantaneous trip on short circuits com- 
bined with time-delay for momentary 
overloads such as those caused by lamp, 
appliance, or motor inrush currents. 
Thermal action takes care of inrush cur- 
rents for all common combinations of 
household appliances without unneces- 
sary service outage. Magnetic action 
gives instantaneous circuit opening for 
all short circuits, even those in the lower 





current ranges down to 200 amp. No live 
parts are exposed. Calibration is per- 
manent and sealed. De-Ion grid assem- 
bly quickly snuffs out arcs. Solderless 
terminals are used. Automatic operation 
is indicated by the handle position, 
which has a central tripped position 
Case is of molded Micarta. Handle is 
heavy duty Moldarta and moves in 
grooves that prevent tampering. Avail- 
able in ratings of 15 to 35 amp., single 
pole only, 250 volts a.c. and 125 volts 
d.c. Westinghouse Electric & Mfg. Co., 
E. Pittsburgh, Pa. 


Sound-Level Meter 


Portable sound-level meter, weighing 
only 19 lb., has a range of 24 to 120 
decibels. The new meter can be used 
quickly and conveniently for almost any 
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kind of a noise study including airplane 
engine, cabin and propeller noises; 
noises of motors, fans, generators, tur- 
bines, pumps and similar equipment. 
Essential parts of the device are a micro- 
phone, an amplifier and an indicating 
instrument. An arm extension protects 


the microphone from sound reflected 
from the case. Battery-operated tubes 





are mounted on a shock-proof base re- 
ducing errors caused by vibration. A 
switch permits the selection of one of 
three ear-weighting networks, 40 deci- 
bels, 70 decibels or flat frequency re- 
sponse giving the instrument a response 
similar to that of the human ear. A 
vibration velocity unit can be substituted 
for the microphone as a means of meas- 
uring vibration as well as noise. Gen- 
eral Electric Co., Schenectady, N. Y. 


V -Belt Prevents 


Accumulation of Static 


This new V-belt retains its static- 
discharging qualities during its entire 
service life. In many V-belt applications 
static electrical charges accumulate on 
the belt and discharge abruptly with a 
spark. In the case of domestic appli- 
ances, such as washing machines, this 
discharge is often more alarming than 
dangerous and results in ¿complaints. 
In many industrial applications such as 
gasoline pumps and machines in chem- 
ical plants where the air might be laden 
with dust or inflammable vapors, this 
discharge might often become a serious 
fire hazard. One of the important fea- 


. 
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tures of the new static-discharging 
V-belt is the fact that just enough resist- 
ance is built into the belt so that the 
belt itself cannot act as a direct passage 
for current. B. F. Goodrich Co., Akron, 
Ohio. 


Miniature Motor 


Recently developed shaded pole in- 
duction motor, known as Model K, is 
compact, inexpensive, thoroughly de- 
pendable and meets application require- 
ments calling for more power than pre- 





vious similar motors. This new motor 
will deliver about four times the power 
output of the Model MS on a compara- 
ble temperature rise basis. Maximum 
continuous duty horsepower rating of 
1/100 hp. is obtained. Two-pole design 
is employed to provide approximately 
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3,450 r.p.m. no-load rotor speeds. Start- 
ing torques range upward to 214 in. oz. 
Maximum running torques are 1}; 
higher than starting torques. Alliance 
Mfg. Co., Alliance, Ohio. 


Motor With 
Electromagnetic Clutch 


This new motor drive system for gen- 
eral application has an inbuilt electro- 
magnetic clutch coupled directly to the 
reduction gearing which permits the 
driven shaft to be abruptly stopped or 
started in response to an electrical cur- 
rent or control. When the clutch disen- 
gages, a brake shoe incorporated in the 
clutch engages by spring action, in- 
stantly stopping the driven shaft. The 
drive and driven clutch members are of 
segmented magnetic materials. The two 
plates are forced together by magnetic 
attraction and the load is then carried 
by friction between the two soft iron 


segmented plates. The clutch winding is 
mounted in a magnetic core attached to 
the stationary clutch housing. This core 
surrounds the magnetic hub of the 
driven member so that radial displace- 
ments do not decrease the effectiveness 
of the magnetic action. The clutch wind- 
ing is connected in direct series with the 
electric motor, such that the clutching 
force increases as the load increases. 
Lear Avia, Inc., Dayton, Ohio. 


Aircraft Wire 


New light-weight small-diameter Del- 
tabeston aircraft wire, which can be 
used to carry electrical current to any 
part of a plane with the greatest possible 
safety, is flameproof, highly resistant to 
heat and resistant to oil and moisture. 
The soft, flexible tinned copper con- 
ductor used for this wire is covered by 
a separator of cellulose acetate or cotton 
wrap, depending on the size of the con- 
ductor. The conductor is insulated with 
a synthetic compound and a layer of 
felted asbestos. The asbestos is im- 
pregnated making it highly resistant to 
moisture and flame. An overall im- 
pregnated flameproof braid completes 
the insulation. Can be used for storage 
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battery leads, circuit wiring for lamps, 
wiring for instruments, and similar pur- 
poses. Available in sizes from 22 to 2/0 
inclusive. General Electric Co., Appli- 
ance and Merchandise Department, 
Bridgeport, Conn. 


Coolant Pump 


New Coolflo coolant pump has an 
open type, hydraulically balanced hard 
bronze impeller which will circulate 
coolant containing dirt or abrasives with 
minimum wear and without clogging. 
Standard motor is totally inclosed to 
prevent short-circuiting by splashing 
liquids, and has permanent grease- 
sealed ball bearings. Shaft is heavy 
stainless steel, requiring no coupling or 


pump bearings. Casing and suction head 
are of high grade cast iron. Impeller is 
designed such that flow of coolant can 
be decreased as much as required with- 
out the pressure appreciably increasing, 
thus preventing spurting and wasteful 
splashing. Available for both submerged 
and outside mounting. Warren Steam 
Pump Co., Inc., Warren, Mass. 


V ibrometer 


Model 11 Vibrometer is an instru:nent 
for production and laboratory vibration 
checking. It reads actual vibration {rom 
0.00001 to 1 in. on an open-face 9-in, 


meter which is directly calibrated. A 
single control makes it simple to operate 
for indicating vibration on any machine, 
bearing, motor, or similar part. Sturdy 
auto-body steel case with engraved alu- 
minum panel is finished in tool-gray 
wrinkle. Televiso Products, Inc., 200 N. 
Sheffield Blvd., Chicago, Il. 


Locking Nut 


The bolt gripping element of this new 
Security nut consists of a slightly ellip- 
tical-shaped spring-steel retainer perma- 
nently seated in the head of a standard 
nut. When the nut is applied, the re- 
tainer is distorted from an elliptical 
into a circular shape, setting up a 
powerful spring pressure between the 
bolt threads and the retainer threads. 
Neither the threads of the bolt nor of 
the retainer are injured when applying 
or removing. The nut is started on the 
bolt with the fingers, similar to a com- 
mon nut, and a wrench is used when the 
threzds of the retainer start to engage 
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the threads on the bolt. Will retain its 
grip on the bolt after many years of 
application. Security Metal Products, 
Inc. 357 E. Kalamazoo Ave., Kala- 
mazoo. Mich. 


Inclosed Contactor 


New inclosed type DN Multi-Pole 
Contactor, size 00, is available in ratings 
up to 10 amp., 600 volts a.c., and may 
contain as many as eight poles in any 
combination of normally open and nor- 
mally closed contacts required for the 


most complicated control system. The 
inclosure is made of black enamel sheet 
steel and has a deep drawn snap cover. 
Safety, yet ease of accessibility to the 
contacts themselves is thus obtained. 
Westinghouse Electric & Mfg. Co., Pitts- 
burgh, Pa. 


Non-Magnetic 
Weldable Steel 


This austenetic, tough, non-magnetic, 
abrasion-resisting steel can be welded 
without a subsequent quenching treat- 
ment or loss in toughness. Manganal 
contains 11-13% per cent manganese 
and 34% per cent nickel. It is claimed to 
correspond to an 11—14 per cent man- 
ganese steel in resistance to wear and 
surface work hardening. Thicknesses up 
to % in. can be sheared. It can be flame 
cut and requires no subsequent heat 
treatment when formed or punched hot. 
Welding rod of 18-8 stainless composi- 
tion gives satisfactory results. Joseph T. 
Ryerson & Son, Inc., 16th & Rockwell 
Sts., Chicago, Ill. 
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Two-Speed Geared Motor 


Shockproof geared motors are now 
available with a double winding which, 
together with an interlocking switch, 
provides the operator with a choice of 
two speeds changeable instantly. This 
new motor, the two speeds of which are 
controlled by a push-button switch, is 
of special interest to designing engi- 





neers and manufacturers of equipment 
requiring instantaneous speed change, 
such as polishing and buffing equip- 
ment. Available in various speeds from 
700 to 8,000 r.p.m. and in sizes from 14 
to 3 hp. For polyphase circuits only. 
Walker-Turner Co., Inc., South Ave. at 
Berchman St., Plainfield, N. J. 


Resistors 


Main feature of the new Koolohm 
Resistors, previously described in Prod- 
uct Engineering for August, page 381, 
is that the wire used is insulated before 
winding, with a hard, heat-proof and 
moisture proof insulation. This feature 
permits interleaved windings wherein 
adjacent wires touch, but cannot short. 
These interleaved windings permit high 
resistances to be wound in small size, 
using larger resistance wires. Wires 
214 times larger in cross sectional area 
than customary practice are used. Wind- 
ings having negligible inductance and 
low distributed capacitance at high 
radio frequencies are made practical 
with this insulated wire. The resistors 
are available in six standard types, and 
special units and construction can also 
be obtained. Sprague Products Co., 
North Adams, Mass. 


Short Interval Timer 


Universal interval timer, controlled 
through a specially designed snap action 
relay of 1,000-watt capacity, is extremely 
accurate over ranges from 1/20th to 2 
min. The equipment is flexible with 





reference to actuating control, permit- 
ting both momentary pushbutton and 
sustaining contact control. It is uni- 
versal for six timing ranges represented 
by timing valves snapped into a readily 
accessible clip. Type T15 timer has been 
designed with an accuracy permitting 
complete interchangeability of equip- 
ment. Photoswitch Incorporated, 21 
Chestnut St., Cambridge, Mass. 


High Speed Grain Finish 


Finishing schedule that greatly re- 
duces the time required for grain finish- 
ing uses a special speed primer as the 
base coat. This coat will dry out of dust 
in 5 min. and is ready to receive the 
graining ink within an hour. After the 
ink is dry, good results can be obtained 
by using a clear air-drying lacquer as 
the top coat and eliminating baking. 
When clear Codur baking lacquer is 
used for the top coat, the finish can be 
baked thoroughly in 30 min. at 275 deg. 
F. Maas & Waldstein Co., 438 Riverside 
Ave., Newark, N. J. 


Aero Test Stand 


Developed for testing aircraft gener- 
ators, vacuum pumps, hydraulic pumps, 
alternators and similar equipment, this 
new test stand provides positive speed 
changes capable of covering the full 
range of testing speeds. A positively 





driven magneto generator and calibrated 
speed indicator accurately show the out- 
put r.p.m. of the test stand. The acces- 
sory to be tested is rigidly aligned by 
locking it in place on mounting brack- 
ets. This testing unit was developed to 
determine whether the generator will 
carry its rated load through normal 
operating speed and to determine 
whether the clutch will remain engaged 
throughout the normal engine operating 
speed. Generators can also be tested at 
speeds in excess of maximum operating 
speeds to make sure that bearings will 
not overheat and that the commutator 
and winding are strongly built. U. S. 
Electrical Motors, Inc., 200 E. Slauson 
Ave., Los Angeles, Calif. 


Hydraulic Booster Pump 


Motor-driven hydraulic pump is 
capable of developing pressures up to 
6,000 Ib. per sq.in. It is especially 
applicable for use in creating high test 


pressures for determining bursting 
strengths of cylinders and spheres, for 
operating high-pressure and hydraulic 
intensifiers, and for determining the 
effects of high pressures and their sud- 
den release on various materials. The 
pump consists essentially of a geared- 
head motor, reservoir and compression 
chamber, mounted on a substantial cast- 
iron base. Theoretical displacement is 
553 cu.in. per hr. The pump is tested 
to 9,000 lb. per sq.in. pressure. Com- 
plete details are given in manufacturer’s 
Bulletin AG—406-12A. American In- 


strument Co., Silver Spring, Md. 


Synthetic Tubing 


For specialized rigorous service where 
rubber has not been found suitable, 
this new special line of tubing is made 
of Koroseal. The hose is made without 
fabric or any other wall reinforcement, 
and withstands vacuum better than 
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equivalent wall thickness of rubber 
hose. Free from sulphur, it can be at- 
tached to brass, silver, and other similar 
metals without corrosion. It does not 
swell in oil, is not affected by strong 
corrosives, is practically impermeable 
to gas diffusion and does not absorb 
moisture. The hose has a durometer 
hardness of 70-78 at 85 deg. F.; specific 
gravity of 1/31; working pressure of 50 


lb. per sq. in. up to 120 deg. F. Avail- 
able in stock diameters ranging from 
1g in. to % in. with wall thicknesses 
from ys to W% in. Can also be made in 
all sizes up to 3 in. outside diameter. 


B. F. Goodrich Co., Akron, Ohio. 


Automatic Timers 


Powered by slow speed, self-starting 
synchronous motors and equipped with 
fast-acting silver contact micro-switches, 
these all-electric controls are designed 
for many types of electrical equipment 


which must be accurately timed in split 
seconds, seconds, minutes or hours. 
This new series of 128 models of inter- 
val timers and time delay relays have 
manual or automatic reset and are avail- 
able for built-in flush panel mounting, 


inclosed surface mounting or wall 
mounting. Paragon Electric Co., 37 W, 


Van Buren St., Chicago, Ill. 


Speed Clip 


An entirely new method for fasten- 
ing plastics is a speed clip made of high 
carbon spring steel so formed that when 
it is pressed over a rib in the plastic 
material, the four sharp points of the 
clip bite into the side of the rib to 
hold the part securely in place. The 
clip is provided with a long retaining 
arm which presses firmly against the 
mating part under spring tension. This 
new method is particularly good for 


fastening thin sections of thermoplastic 
parts where standard type speed nuts 
could not be used because the stud 
necessary on the plastic part caused a 
dimple or shrinkage on the surface 
opposite. This new principle can be 
applied to speed clips specially designed 
to meet many specific plastic assembly 
problems. Tinnerman Products, Inc. 


2036 Fulton Rd., Cleveland, Ohio. 


Plastic Resin Adhesive 


Plastie resin adhesive, claimed to be 
the first “one-part” adhesive available 
for consumer and industrial users, is 4 
urea formaldehyde glue working by 
chemical action, and is first cousin to 
Plaskon plastics. In the form of a fine 
powder, Meldwood glue is simply mixed 
with cold water, in which it dissolves 
instantly. No separate hardener or cata 
lyst is used, nor is heat necessary after 
application. Hardens in four hours. 
Tests on gluing mahogany to pine, call- 
ing for a 250-lb. standard. reading on 
the testing machine showed a strength 
as high as 2,400 lb., at which point the 
wood gave way. The bond is permanent 
and is waterproof because of the insolu- 
bility of the urea formaldehyde bond 
after polymerization. The glue is not 
susceptible to fungus and is stain free. 


Plaskon Co., Inc., Toledo, Ohio. 
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Materials 


BronzE ALtLoys — Phosphor Bronze 
Smelting Co., 2200 Washington Ave., Phila- 
delphia, Pa. Technical Data Bulletin, 12 
pages, 84 x 11 in. Describes and lists prop- 
erties of Elephant Brand phosphor bronze 
rods, sheet and strips, welding wire, wire 
rope and bushings. 


Castincs—The Electro-Alloys Co., Elyria, 


Ohio. Bulletin, 16 pages, 7 x 10 in. Therm- 


alloy X-Ray Inspected Castings are set 
forth in this bulletin, which gives physical 
properties, lists grades and suggests many 
applications. 


NEOPRENE — Rubber Chemicals Div., 
E. I. du Pont de Nemours & Co., Inc., Wil- 
mington, Del. Bulletin A-7594, 26 pages, 
6x 9 in. This well-illustrated and easy-to- 
read booklet gives the comprehensive story 
of neoprene synthetic rubber. 


PLastics—Durez Plastics & Chemicals, 
Inc., North Tonawanda, N. Y. “Its a New 
Business Custom,” 24 pages, 84 x 11 in. 
This booklet presents eight success stories 
where Durez plastics have solved planning, 
sales and production problems. 


Pirastic Mo.tpinc — Plastics Division. 
Erie Resistor Corp., Erie, Pa. Bulletin, 12 
pages, 84 x 11 in. Describes, with illustra- 
tions, the type of work being done by Erie 
in custom injection molded plastics, and 
includes a table of properties of molding 
materials. 


Pre-FintisHED Metats—American Nickel- 
oid Co., Peru, Ill. Test & Comparison Kit, 
containing a complete discussion of the 
properties of and methods for fabricating 
pre-finished metals, contains forms for 
compiling test data. 


Mechanical Parts 


CLutcHes—The Carlyle Johnson Ma- 
chine Co., Manchester, Conn. Catalog, 10 
pages, 64 x 9% in. Contains revised data 
covering the Johnson Standard and Super- 
Johnson expanding ring friction clutches. 
Dimension data and engineering drawings 
are included. 


Gaskets—Goetze Gasket & Packing Co., 
New Brunswick, N. J. Catalog 53, 64 pages, 
8} x 11 in. Contains advanced engineering 
and research data, shows many new and 
improved products, and gives complete 
size and price information. Good reference 
for industrial gaskets. 


Pumps—American Manganese Steel Div., 
Chicago Heights, Il]. Bulletin 940, 24 pages, 
8 x ll in. Covering Amsco-Nagle Indus- 
trial pumps, complete data is given, to- 
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Manufacturers’ Publications 


gether with characteristic curves and con- 
struction and installation views. 


RoLLER BeEarINcs—SKF Industries, Inc., 
Philadelphia, Pa. “SKF Spherical Roller 
Bearings,” 36 pages, 84 x 11 in. Many 
illustrations of roller bearing applications 
are given, and information on bearing 
selection, time-saving computations and 
drawings are included. 


Rotter Busuincs—Orange Roller Bear- 
ing Co., Inc., Orange, N. J. Engineering 
Data Bulletin, 20 pages, 84 x 11 in. Com- 
plete specifications, engineering data and 
diagrams are given covering Orange roller 
bushings with and without inner races. 


RoLLER CuHain—Morse Chain Co., Ithaca, 
N. Y. Bulletin R-40, 92 pages, 84 x 11 in. 
Information on channel-lubricated, inter- 
changeable roller chain and sprockets, de- 
tails of application, selection data and 
performance data are given. 


Screws—Standard Pressed Steel Co., 
Jenkinstown, Pa. Form 558, 16 pages, 
83 x 11 in. Lists, illustrates and describes 
complete line of Unbrako Screws and keys, 
and Unshako self-locking nuts. 


SpeeD Nuts—Tinnerman Products, Inc., 
2074 Fulton Road, Cleveland, Ohio. Form 
135, 16 pages, 84 x 11 in. Illustrates and ex- 
plains 61 different spring-tension speed 
nut applications used in automobiles, 
radios, refrigerators, and similar products. 


Tank FLances—United Engineering Co., 
5330 Pershing Ave., St. Louis, Mo. Catalog, 
10 pages, 34 x 84 in. Illustrates and gives 
specifications for complete line of welding 
tank flanges, adapters and forgings. 


V-Betts—B. F. Goodrich Co., Akron, 
Ohio. “V-Belt Data Book,” 170 pages, 
4 x 7 in. Gives alphabetical listings of belt 
requirements for all types of equipment, 
listing the;ymanufacturer’s part number and 
the Goodrich belt number and size. Nu- 
merical group listings for both V- and 
flat belts are also given. 


V-Bett Drives—Pyott Foundry & Ma- 
chine Co., 328 N. Sangamon St., Chicago, 
Ill. Catalog V-500, 112 pages, 84 x 11 in. 
Features “Eoconomy Tables,” for quick 
selection of correct drive arrangement, and 
includes revised V-belt ratings and many 
typical applications. 


Electrical Parts 


Circuir BreaAKers—Westinghouse Elec- 
tric & Mfg. Co., East Pittsburgh, Pa. Bul- 
letin 29-060, 12 pages, 84 x 11 in. Lists 
and describes De-Ion breakers for load 
center, panelboard, switchboard or in- 
closure mounting. 


Contacts—Gibson Electric Co., 8358 
Frankstown Ave., Pittsburgh, Pa. Catalog 
C-10, 15 pages, 84 x 11 in. Fully describes 
eight standard Gibsiloy contact alloys in 
the form of ductile powdered metals. Much 
technical data is given, including graphs 
and drawings showing mechanical appli- 
cations. 


ELECTRICAL Propucrs — Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa. 
“Quick Selector” Catalog 30-000; 64 pages, 
8% x 11 in. Revised edition of handy catalog 
which simplifies selection of electrical 
equipment for any motor, lighting or feeder 
circuit. 


Motor Controts— Trumbull Electric 
Mfg. Co., Plainville, Conn. “Trumbullist,” 
52 pages, 84 x 10 in. Describes complete 
line of Trumbull motor controls and in- 
cludes the new Multi-Breaker Power Panel 
and Motor Control Centers. 


PHOTOELECTRIC Retays—General Elec- 
tric Co., Schenectady, N. Y. Bulletin GEA 
1755C, 4 pages, 8 x 10% in. Sets forth fea- 
tures and application data on photoelectric 
relays and accessories. 


ReLtays—Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa. Bulletin 41-350, 
4 pages, 84 x 11 in. Gives descriptive, con- 
struction and electrical and mechanical 
data on the Type SG Auxiliary Control 
Relay. 


Resistors AND RuEostats—Ohmite Mfg. 
Co., 4835 Flournoy St., Chicago, Ill. Cata- 
log 40, 96 pages, 84x11 in. An encyclo- 
pedia of data on the selection of resistors, 
rheostats, tap switches, chokes, and at- 
tenuators, this catalog contains handy 
reference tables, dimension drawings and 
special guide pages. 


Time Swırcnes—General Electric Co., 
Schenectady, N. Y. Bulletin GEA-2963B, 
4 pages, 8 x 10% in. Illustrates and de- 
scribes Type TSA-14 time switches for con- 
trol of a.c. circuits. 


VARNISHED Tusınc—William Brand & 
Co., 276 Fourth Ave., New York, N. Y. 
“The Unvarnished Truth About Flexible 
Varnished Tubing,” 4 pages, 84 x 11 in. 
Sets forth features of Turbo varnished 
tubing and saturated sleeving. 


Finishes 


Paintinc — Industrial Paint Clinic, 
American-Marietta Co., 43 East Ohio St., 
Chicago, Ill. Maintenance Painting Hand- 
book, 120 pages, 5 x 7 in. All-inclusive 
information on maintenance painting, giv- 
ing correct applications of complete Val- 
dura line of paints. 


WEATHERING UnrrT—National Carbon Co., 
Inc., Carbon Sales Div., Cleveland, Ohio. 
Catalog Sec. L-6400, 8 pages, 84 x 11 in. 
A complete unit for accelerated weathering 
tests of protective and decorative coatings, 
plastics, rubber, etc., is illustrated and 
described. 
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Books and Bulletins 





Aerosphere 1939 


Epitep By GLENN S. AncGLE—1,420 
pages, 94x12 in. Blue clothboard cov- 
ers. Published by Aircraft Publications, 
370 Lexington Ave., New York, N. Y. 
Price $15. 


This new publication is a complete 
reference encyclopedia of the aircraft 
industry—an American counterpart to 
Jane’s All the World Aircraft. Aero- 
sphere 1939 is the first volume of a 
series which will be re-edited and 
brought up-to-date at the end of each 
year. Data given are astonishingly com- 
plete, particularly for aircraft engines, 
and the book will undoubtedly fill a 
great need to all those persons con- 
nected directly or indirectly with air- 
craft. 

Subject matter is divided into four 
sections. In the first section are given 
illustrated technical descriptions of 
nearly every aircraft engine developed 
in any country since Clement Ader built 
a 2-cylinder steam engine in France and 
flew 150 ft. with it in 1890. This section 
is neatly cross-indexed and principal 
specifications are tabulated. 

The second section catalogues and 
illustrates all modern aircraft, grouped 
by country and manufacturer. Specifi- 
cations and performance data are as 
complete as possible. 

The third section gives all important 
aircraft statistics, such as records, lists 
of members of aircraft committees. 
agencies, and associations, tabulated air 
mail data, pilot statistics, listings of 
aeronautical schools, and many other 
world-wide aeronautic facts and figures. 

The fourth section is an Aircraft 


Directory, giving complete listings of 
companies and personnel engaged in 
aircraft activities covering aircraft, en- 
gine, and accessories, arranged both 


alphabetically and by product. Much 


more data too numerous to mention are 
also included in this section. 


Silver in Industry 


LAWRENCE AppICKS—636 pages, 6x9 
in. Red clothboard covers. Published 
by Reinhold Publishing Corp., 330 West 


42nd St., New York, N. Y. Price $10. 


Sponsored by a group of American 
silver producers this book has been 
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written to help silver find its rightful 
place in the family of useful metals. 
Various chapters have been contributed 
by men well qualified to deal with them. 

Included in the twenty chapters are 
those which cover the properties of 
silver, binary alloys, ternary and engi- 
neering alloys, technology of silver, 
low temperature and high-temperature 
bonding of silver, use of silver in bear- 
ings, coatings, silver in electrical con- 
tacts, and corrosion resistance of silver 
and silver alloys. Appendixes list a long 
bibliography and patent index. 

This volume brings together much in- 
formation of practical and also specu- 
lative value to industries who are using 
or contemplating the use of silver as an 
industrial metal, as well as those who 
are interested in markets for this 


precious metal. 


A Dictionary of Metals 
And Their Alloys 


Epitep By F. J. Camm—245 pages, 
52x82 in. Blue clothboard covers. 
Published by Chemical Publishing Co., 
148 N. Lafayette St., New York City. $3. 


All metals and almost every type of 
commercial metallic alloy is included in 
this dictionary, designed for use by the 
busy reader who needs a mass of ready 
information. A description of the metals, 
their composition and characteristics is 
contained in the book with special sec- 
tions on plating, polishing, hardening 
and tempering, metal spraying, rust 
proofing, chemical coloring and 17 
pages of useful tables. 


Engineering Mechanics 


S. TimosHENKO anD D. H. Younc— 


Second Edition. 523 pages, 6x9 in. 
Green clothboard covers. Published by 
McGraw-Hill Book Co., 330 W. 42nd St., 
New York, N. Y. Price $4. 


This volume is not only a text book 
dealing with the theories and principles 
of mechanics, it is also an example book 
designed particularly to provide the 


engineering student with the many gen- 


eral methods for later attacking prob- 
lems which require for their solution a 
broad knowledge and a sound founda- 


tion in the principles of mechan.:s, 

First published in two volumis this 
second edition of one volume has been 
made possible by reducing the quantity 
of text through rewriting with a shorte; 
and more direct approach, some re. 
arranging of material, and omitting 
some of the more advanced problems, 

The book naturally divides into two 
major parts. Part I discusses the prin. 
ciples of statics; concurrent, parallel 
and general cases of forces in a plane: 
forces and couples in space; and the 
principle of virtual displacements. Part 
II covers principles of dynamics, recti. 
linear and curvilinear translation; rota- 
tion of rigid bodies; plane and relative 
motion. The text is well supplemented 
with problems. 


a e e 
Standard Specifications for Steel 


Data Sheet Section 7, No. 1, 20 pages, 


63x83 in. Published by International 
Nickel Co. Inc., 67 Wall St., New York, 
N. E: 


This revised data sheet incorporates the 
latest additions and revisions in the S.A.E. 
Standard Specifications for Steels, and in 
the A.S.T.M. Standard Specifications for 
Alloy Steel Castings for structural pur- 
poses. These widely used specifications 
have been supplemented by sketches show- 
ing test specimens now currently in use 
for steel in tension, compression, bending, 
notched bar impact, torsion and fatigue 
testing. 


Aluminum Pistons 


46 pages, 514x814 in. Published by Alu- 
minum Co. of America, Pittsburgh, Pa. 


Prepared by the Dynamic Laboratory 
of the Aluminum Company of America, 
this booklet is an excellent general treatise 
on aluminum pistons and aluminum cylin- 
der heads. The first chapter illustrates and 
describes the various types of pistons, dis- 
cusses their chief advantages, and lists 
their applications. Chapter II explains 
the properties and characteristics of vari- 
ous types of piston material. Finishes 
necessary for aluminum pistons and cylin- 
ders are covered in Chapter III, and Chap- 
ter IV discusses aluminum cylinder heads. 


Thermocouples 


Catalog N-33-A(6), 40 pages, 84xI! in. 
Published by Leeds and Northrup Co., 
4934 Stenton Ave., Philadelphia, Pa. 


Considerable useful general engineering 


information is given in this catalog on the 
proper selection of a couple for a given 
application. General recommendations for 
thermocouple wires and test methods are 


covered. Also, the bulletin devotes several 


pages to a discussion of tubes and wells 
for protecting thermocouples, including 4 
table listing tube and well materials for 
specific applications. 
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ALUMINUM and MAGNESIUM PRODUCTS with corresponding FEDERAL, ARMY, NAVY, S.-A.-E. and A.S.T.M. SPECIFICATIONS 
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We Must Compete or Decay 


DEPRIVE A MAN OF THE OPPORTUNITY to compete, to 
struggle or to fight for something, he soon ceases to be 
the fittest. The instincts with which Nature endowed him 
for his protection and progress become dulled. Physical 
strength and mental stamina, which can be developed only 
by exercising them, soften like the rotting wood of a dead 
tree. Only the fittest survive. 

Oliver Goldsmith in his Deserted Village pointed out 
that, “Ill fares the land to hastening ills a prey, where 
wealth accumulates and men decay.” But likewise, ill fares 
the land wherein economic and social conditions make it 
necessary for government to support many of its citizens, 
who thereby no longer need to compete for a living. The 
fact that their condition is not of their own choosing but 
the result of a faulty economic system, will not change 
the penalty imposed by Nature. 

Nature always aims for a proper balance. Both extreme 
wealth and extreme poverty are discords in Nature’s 
mysterious symphony. When competition ceases, when 
struggle no longer exists, decay sets in and Nature, 
through the law of the survival of the fittest, starts setting 
things right. This applies equally to both individuals 
and organizations. 

When the railroads had a monopoly and ceased com- 
peting with one another, railroad officials grew smug, self- 
satisfied and some of them.even arrogant. It was a rail- 
road official who launched the slogan, “The public be 
damned.” But the very dissatisfaction that was caused 
by this attitude of the railroads furnished the incentives 
that lead to the rapid development of motor trucking lines, 
passenger bus routes and the rapid rise of air travel. To 
be sure, these other modes of transportation were bound to 
be developed, but the failure of railroads to exert their 
utmost to give best possible service greatly accelerated the 
rise of other methods of transportation. 

Steel casting and gray iron casting became “dead 
industries” through lack of lively competition until welded 
construction and formed rolled steel forced the castings 





industries to wake up. As evidence of their progress over 
the last decade, the latest designs of war tanks use cast 
instead of rolled steel armor. 

The rapid developments in die castings, steel stampings 
and molded plastics can be attributed largely to their 
competitive positions. 

One might point to so-called monopolies that are highly 
progressive, as being exceptions. But the fact is that today 
there is no real monopoly in the true sense of the word. 
Aluminum competes with stainless steels, magnesium 
alloys, and frequently with the other non-ferrous metals. 
The time is past when any one device, material, or service 
is indispensable. 

With reference to individuals, it is competition that 
enables the superior engineer to become outstanding. 
When he has no competition there is nothing by which 
to measure his qualities. There would then be little incen- 
tive for the individual to strive for excellence; there 
would be no reason for any company to seek the services 
of an outstanding engineer. This applies to every job, 
be it laborer or company president. 

We are now in the first stages of the greatest production 
program any country has ever undertaken. The success 
or failure of that program will determine the future wel- 
fare of all of us and all who follow us. The great task is 
first and last an engineering undertaking—design and 
production. Our greatest asset toward the successful ful- 
fillment of this program is the high-grade engineering 
talent developed over the past years by keen competition 
that impelled and compelled ever higher standards. Our 
greatest liability in this program is that we do not have 
enough of such talent and too many of our men lack 
training and experience for productive work because 
they have been out of competition too long. 

“Competition is the life of business,” is an old saying. 
It is equally true that competition is the very life blood 
of a nation. Through competitive enterprise we keep fit, 
and only the fit can survive. 
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Bronze wheels of 8 in. face and 11⁄4 in. O.D. alloy steel worm 68 in. long overall, for screwing down rolls on a steel mill 


WORMWHEEL DRIVES 


Load Factors and Their Influence on Design 


HEN confronted with the 

problem of selecting a worm 

and wormwheel for a pro- 
posed drive, almost every engineer 
somehow or other believes that the re- 
quirements demanded by his particular 
application are difficult to meet from 
the standpoint of performance. Like 
most other problems, however, when 
resolved into its component parts the 
solution is not often difficult. 

Any wormwheel set is inherently 
limited by its design in a number of 
ways, some of which are the magnitude 
of torque that it can transmit without 
breaking down mechanically, in the 
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duration of time that a definite torque 
can be delivered without over-heating 
the lubricant, in the working life, and 
in the amount of deflection that the 
parts can sustain without destroying the 
alinement necessary for correct tooth 
engagement. All of these factors, of 
course, are given consideration during 
design. But designs are made to suit 
specifications, therefore, the importance 
of preparing accurate data cannot be 
overstressed. 

For many installations load power 
requirements should be stated in terms 
of torque rather than horsepower rating. 
The average load indicates little to the 


gear’.designer unless it is accompanied 
with exact data covering whatever 
maximum demand torques that may be 
imposed on the gears in cycles of opera- 
tion or process, If the designer is in- 
formed that peak loads come at regu- 
larly recurring intervals he can multiply 
the average load by a factor to obtain 
an equivalent steady load to use as the 
basis for his selection of size. He can 
also introduce hunting tooth action in 
order to prevent the heavy load coming 
on the same set of teeth. 

The transmission unit for satisfactory 
performance must also be designed to 
suit the rating of the prime mover as 


PRODUCT ENGINEERING 












































d 


co 


TS FP FP O5“ TEU“ 


< 





modifed by its operating characteris- 
tics. If the prime mover is a motor, 
factors involving the generation of heat, 
heat dissipation and temperature must 
þe considered separately for the motor 
and for the gears. 

In any worm and wheel design pro- 
cedure, the operating characteristics of 
the power input unit, the nature of the 
load on the driven machine, and the 
expected life of the reduction unit are 
the factors that determine the center 
distance and choice of material for the 
worm and wheel. 

For a given center to center distance 
and ratio of speed reduction, the choice 
of tooth dimensions, worm pitch and 
lead are governed by the proportions 
necessary to provide wear resistance as 
dictated by tooth pressure, by rubbing 
speeds and by the metals used for worm 
and gear, rather than exclusively by the 
size of tooth necessary to provide 
enough strength to resist breaking 
under static or dynamic load. 

Worm gears are designed for high 


© resistance to wear and to shock loads, 


as well as for static strength based on 
an ample safety factor. In service for 
a given horsepower, the dynamic loads 
on the teeth decrease as the speed in- 
creases, hence the factor of safety for 
strength increases greatly in the high 
speed ranges. For shock loads, with 
the force of impact remaining constant, 
the severity of the shock stress on the 
teeth and thread at the areas of impact 
increases greatly as the speed increases; 
also the margin of safety against im- 
pact effects will simultaneously de- 
crease as the speed increases. At low 
speeds, therefore, shock stresses are not 
likely to be severe. The effect of im- 
pact is largely that of raising stress 
rather than that of increasing wear. 
The rebounds or vibrations that accom- 
pany shocks are to a great extent cush- 
ioned by the lubricant. For a given 
tooth pressure, therefore, if the tooth 
proportions are favorable for resisting 
wear the tooth will generally be suffi- 
ciently strong to resist mechanical 
breaking. At worm speeds of 100 
r.p.m., the torque allowable may be 2 
to 4 times that which is permissible at 
1,700 r.p.m. This condition is an ad- 
vantage when the torque at starting and 
at low speeds is large as compared to 
the running torque. 

With increase of speed the load ca- 
pacity of worm and wheels naturally 
decreases, as a result of the rise in 
temperature which decreases the load 
carrying capacity of the lubricant film. 

Resembling journal bearings in some 
respects, the pressure allowable at the 
areas of contact is dependent upon rub- 
bing speed which is a function of worm 
diameter, speed and helix angle. 
Worms, therefore, are designed with 
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the diameter as small as possible in 
order to obtain low rubbing speed, as 
well as to reduce churning the lubri- 
cant. For this reason driving shafts 
with integral worms can be run at 
much higher speeds than shafts which 
have the worm keyed on. However, 
other practical considerations require 
that the worm be large enough to have 
sufficient beam strength to resist ex- 
cessive deflection under load, and to 
provide a wide tooth contact area. 

As in other machine elements wear 
on the worm thread and the gear teeth 
occurs chiefly when starting; during 
this period working surface velocities 
are not great enough to build up pres- 
sure in the film of the lubricant suffi- 
cient to separate the metallic surfaces. 
Of course, when the gears are not in- 
closed wear is frequently caused by 
abrasive material fouling the lubricant, 
and also by corrosion. Wear may also 
result from excessive loads overstressing 
the metal at the surface causing it to 
flake. Even though the worm should 
run completely immersed in oil, and 
though the alinement should be me- 
chanically correct, excessive wear may 
result if the viscosity of the oil is low- 
ered because of insufficient heat dissi- 
pation to carry off the heat generated 
at the areas of tooth contact. 

Choice of materials for the worm and 
wheel are governed by surface endur- 
ance properties and low friction char- 
acteristics. Other desirable properties 





are the ability to dissipate heat away 
from areas of tooth contact, and uni- 
form physical properties with increas- 
ing temperature. The high heat con- 
ductivity, the low coefficient of friction, 
and the approximate constant strength 
over a temperature range of 70 to 400 
deg. F. of phosphor bronze, leaded gun 
metal, and nickel bronze make them 
desirable materials for wormwheels. 

Worms are usually made .of- S.A.E. 
2315 steel and are carefully carburized, 
hardened and drawn. The surface must 
be hard to resist wear and “offer the 
lowest coefficient of frictiom and yet 
have a strong tough core. There are, 
however, some unusual applications 
where this steel is not suitable. 

The efficiency is composed of. three 
factors, friction between the worm and 
gear, friction of bearings, and the hy- 
draulic resistance caused by oil churn- 
ing. The worm and gear friction follows 
the law of the coefficient of friction by 
having its highest value at rest and 
dropping off with increase of speed, 
while the oil churning losses increase 
rapidly with the speed. This increase 
is the most unpredictable of all the 
losses as it would probably vary as the 
third power of the speed except for 
cavitation. The efficiency question is 
often over stressed. With ratios up to 
six to one efficiencies of 97 per cent or 
better are common with speeds of 300 
to 1,800 r.p.m. With high ratios of re- 
duction it is true that there is a de- 
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Worm and wheel unit, ratio 40, for driving truck wheels on an ore bridge 
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Heads on trimming shear are operated by two compact worm and wheel units 


cided drop in the efficiency but on 
account of the large torques at low 
speed the horsepower drops to such a 
small amount that the gear losses are 
of little importance. 

When heat dissipation capacity is not 
sufficient to carry off the heat as rap- 
idly as it is produced the temperature of 
the lubricant and parts become excess- 
ive, which in turn decreases the viscosity 
of the lubricant and results in increased 
wear. The heat present is only that 
which is generated by friction of the 
metal parts slipping on an oil film and 
that produced by the internal friction 
in the churning and movement of the 
fluid itself. 

The heat generated in a set is a 
measure of the horsepower loss or loss 
in efficiency. The efficiency of trans- 
mitting power at the areas of tooth con- 
tact depends upon a*number of factors, 
among which are the tangent of the 
lead angle of the worm, the nature of 
the contact, the intensity of the load, 
the speed of rubbing and the coefficient 
of friction. In a well-designed set, cor- 
rectly rated for load, properly operated 
and maintained, there should be no 
metal-to-metal contact. The overall eff- 
ciency of the drive is of course influ- 
enced by the power losses of the thrust 
and radial bearings which support both 
members of the drive. 

With a uniform load and speed the 
rate of generating heat is constant; and 
if the radiating capacity of the housing 
of an inclosed set is sufficient to give 
off the heat in quantities as rapidly as 
generated, the oil will attain and hold 
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a constant operating temperature. In 
order not to destroy the ability of the 
oil to resist metal-to-metal contact under 
tooth and bearing pressures, the tem- 
perature, of course, should not be 
higher than would adversely affect the 
necessary viscosity thus lowering the 
break down strength of the oil film. 

Most inclosed worm and gear sets are 
now given a thermal capacity rating, 
usually expressed as the maximum 
horsepower which can be continuously 
put into the set without the temperature 
of its housing rising 50 deg. C. above 
that of the ambient atmosphere. The 
thermal capacity is determined by the 
ability of the exposed case area to give 
off the heat produced by operation. 
Although the thermal capacity may be 
increased by resorting to air or water 
cooling, great care should be exercised 
in determining the ability of the prime 
mover to deliver power input torques 
which are not greater than the mechan- 
ical capacity of the worm and gear to 
withstand safely. 

The practice of driving worm and 
gear sets with motors of a capacity 
greater than the rating of the set is 
prevalent enough to be warned against. 
When the motor size is exeessive the 
safety feature of the overload release 
in the starter is lost so far as the gear- 
ing is concerned, because if it is set 
low enough to protect the gearing it 
will trip out when starting. An over- 
motored set when excessively loaded at 
peak periods can easily have a torque 
input imposed upon it that will break 
down the oil film at the area of tooth 


contact, or cause deflections that de- 
stroy the alinement necessary for cor- 
rect tooth engagement. The practice is 
also undesirable from an electrical 
standpoint, since induction motors are 
designed for speeds closely regulated 
by the frequency of the current and a 
favorable degree of slip, consequently 
motors which are not fully loaded ro- 
tate at speeds with low slip, thus re- 
sulting in poor power factor. 

When stopping a set having a motor 
or turbine drive the flywheel effects on 
the load side of the set acting at the 
low end of the speed ratio reduction 
should fade out in the time it takes for 
the momentum of the driver to also fade 
out and bring the set to a standstill, 
otherwise high reverse torques might 
be imposed on the set. 

In installations where a reversed load 
torque may be imposed on the wheel 
shaft when power input is shut off, or 
when the worm and wheel are at rest, 
and: it is desired to hold the load a 
brake should be used on the worm 
drive rather than depend upon a self- 
locking action between the worm and 
wheel, but usually a brake having a 
rating somewhat less than the motor 
torque should be used, especially when 
the gear ratio is high. This practice 
is advisable when one considers how 
the coefficient of friction varies under 
static and dynamic conditions. When 
at rest there is no oil film between 
areas of contact and the coefficient of 
friction is a maximum, however, when 
movement begins the coefficient of fric- 
tion falls to a much lower value. 
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There is no fixed angle for reversibil- 
ity, for even with worms having lead 
angles of 4% deg. and less, which are 
usually considered self-locking under 
static loads, any vibration at the load 
end may be sufficient to start motion in 
a direction reversed to that of the drive. 
When motion starts even worms with 
lead angles as small as 2 to 3 deg. may 
not be self-locking. With motor driven 
sets solenoid brakes are often used for 
inching and instant stopping of feed 
screws and cable drums. 

Multiple thread worms, when the 
number of teeth in the mating wheel is 
not an integral multiple of the number 
of threads in the worm, have a hunting 
tooth effect which can be taken advan- 
tage of to prevent regularly recurring 
peak loads or shocks from always com- 
ing on the same set of teeth and the 
same portion of the worm. 

Satisfactory life is a variable period 
dependent upon requirements of serv- 
ice, such as the desired smoothness of 
drive, limit of vibration that can be 
tolerated and reasonable economy of 
installation and operation. Service life, 
smoothness of drive and degree of vibra- 
tion depend upon the wear-resisting 
qualities of the ball roller and thrust 
bearings in the set as well as upon the 


durability of the materials in the worm 
and wheel. 

When a worm and gear are proposed 
and made especially for a specific in- 
stallation in which all of the operating 
requirements and conditions are known, 
appropriate considerations can be given 
when designing to factors such as life, 
static and dynamic loads, wear, heat- 
ing, lubricant and possible efficiency. 

Because of the increased use of 
worms and gears as step down speed 
reducers, many gear manufacturers 
have designed and stock a range of 
types and sizes of inclosed units. By 
designing these units for uniform loads 
to be operated on 8 to 10 hr. periods, 
and setting up a set of service factor 
multipliers for various conditions of 
loading, such as 24 hr. smooth load, 
intermittent load, 8 hr. recurrent shock 
load, and 24 hr. shock load, the engi- 
neer can select stock sets to meet his 
requirements, 

Worm and wheel sets have many in- 
herent advantages as power transmis- 
sion units. They are quiet and smooth 
in operation. Because of their compact- 
ness they can be installed in small 
space. Single wheel reduction units are 
essentially right angle drives, they can 
be designed with the wheel in a hori- 





zontal plane with the worm at either 
side so that the power take-off shaft 
may extend either up or down; or they 
can be designed with the wheel in a 
vertical plane with the worm either 
above or below the worm wheel so that 
the power take-off shaft may extend 
to the right or left horizontally. 

Worms can be selected with a direc- 
tion of helix angle to suit the direction 
of rotation of power unit and.the driven 
machine as desired without resorting 
to idler gears. Reductions in speed can 
be obtained with single worms and 
wheels as low as 3 to 1 and as high as 
80 to 1. For special purposes much 
higher speed reductions are of course 
obtainable. 

Ordinarily the best lubricant for 
worm gearing has been found to be a 
high grade compounded steam cylinder 
oil having a viscosity of from 135 to 
165 sec. Saybolt at 210 deg. Fahrenheit. 

Worm gearing is a specialty and like 
many other products requires a highly 
trained personnel of engineers and me- 
chanics as well as expensive equipment 
for producing and inspecting the parts, 
therefore it is most economical to take 
advantage of such experience, skill and 
equipment by going to a manufacturer 
of worm gearing for practical advice. 


Socony-Vacuum Oil Company 





Motor-driven worm gear units for turning-over 4,000 hp. main turbines and propeller shafts of tank steamship. Combined ratio 
of worm gears and reduction gears is 6,891 revolutions of motor to one revolution of propeller shaft 
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Modern Designs 


Earth Drill for U. 8. Army 


These earth boring machines, 
built for the United States Army, 
are to be used for drilling holes 
underneath roads, bridge foun- 
dations, railroads, preparatory 
to placing of explosives, anti- 
tank traps or land mines. 


Mounted on a special truck, the 
drill is capable of boring holes from 12 
to 24 in. in diameter and up to 15 ft. 
in depth. The drill spindle is adjustable 
to drill angular holes up to 15 deg. fore 
and aft and up to 45 deg. sideways. 
Power unit is a Buda engine of the four 
cylinder, water cooled type, with mag- 
neto ignition and developing 40 hp. at 
2,000 r.p.m. Speed of engine is con- 
trolled by a throttle valve. Ratio of en- f more a 
gine speed to drill speed is 11.8 to 1. pia s es 


Quick-attach 
coupling 
Tower-/ift 
safety brake 


Ratchet reverse lever» 


fore and aft 
adjustment 


Axle locks ee d 


Drill head houses gears, clutches and brake. The drive to 


the drill head is through a universal joint assembly; one end 


of which is attached to the stub shaft of the engine and the 
other to the drill by a special coupling. The head contains 
both the main driving clutch and the lifting clutch, both of 
the cone type with removable asbestos lining. All gears are 
inclosed and run in a bath of oil. 
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Sidewise adjustment —_-» 


Power lift 
Adjustment 


~. safety brake A PA Lift clutch 
~ag YM fever 
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S Spindle free 


Z E orn clutch 
Counter bdlonce™ . . levers 
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lagnetic 4 
à switch 


ene ais ‘was | 
Drill helix is lifted by two chains driven by two sprockets 


located on each side of the drill spindle. The chains are 


superimposed on square tubes and are spring loaded to 
absorb any lifting shock. The lifting clutch brake mechan- 
ism is interlocked so that the operator cannot damage the 
machine. The drill spindle of alloy steel slides up and 


down on a bronze bushing. 
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Increased rigidity was obtained in this 
new Wallace Supplies pipe-bending ma- 
chine by replacing arc-welded I-beams, 
channels and plates with are-welded 
pipe construction. 


Former design is shown at right. In the new 
design, shown below, the frame is fabricated of 
steel pipe varying in size from 6 in. dia., single 
thickness, to 12 in. dia., double thickness. 
Torque capacity of the machine was increased 
from 7,000,000 in.lb. to 13,000,000 in.lb.; frame 
deflection was decreased from 0.103 in. to 0.013 
in. In addition, weight was decreased 10 per 
cent, welding time reduced 20 per cent and 
set-up time reduced 25 per cent. The large gear 
shown is of welded steel construction. Web and 
plate are S.A.E. 1020. Rim is S.A.E. 3140, flame- 
preheated to 900-1,000 deg. F. before welding. 
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Tubular Construction Replaces 


Welded Structurals 





Newest lightweight train, the 
Southern Belle of the Kansas City 
Southern lines, is built of aluminum 
alloy throughout to obtain light weight 


without sacrifice of strength. Cars are 


of riveted construction, and are com- 


pletely insulated with Fiberglas held 
in place with aluminum bands. Power 
is provided by 2,000 hp. diesel-electric 
locomotives built by the Electromotive 


Corporation. The 12-cylinder diesel 


engines are direct connected to a d.c. 


generator which supplies current to 
four traction motors geared directly to 
four driving axles. The front end is 
trimmed red and yellow contrasting 
with dark green. The red and yellow 


are carried back in sweeping curves. 
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MODERN DESIGNS = Flow Interlock Valve 


In the operation of the General 
Electric Disposall, a medium 
flow of cold water is required to 
facilitate the grinding and pulp- 
ing action. In use it has been 
found that the person operat- 
ing the device might neglect to 
turn on the cold water, might 
turn on too much or too little, 
or might use hot water. To ob- 
viate this difficulty a special flow 
interlock valve was developed. 
Motor cannot start until the 
proper amount of cold water is 
flowing. This design of inter- 
lock valve is also being used in 
air conditioning systems and in 
the inductor dynameter of 600 
hp. shown at the right. 





Flew interlock device responds to 
a flow of fluid independently of pressure 
to close an electrical contact when the 
flow is in excess of a preset amount and 
to open the contact when the flow de- 
creases below a preset amount. Adjust- 
ment is provided so that the contacts 
will open on any water flow from % 
gal. to a maximum of 14 gal. per min. 
Flow characteristics of the valve are 
shown on the curve at the right. 


Gland packing-combination 
cork Velumoid and „Cast bronze 
chamois ` housing 
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pe Genes position of the curve, 
7 . ° | | | therefore 
Cast bronze is used for the housing. | | points pryt agp» Ead mga he _ 


The actuator is of inert molded com- actuator. | | 

position material. As designed, the flow | 

interlock does not control the amount | 

of flow. Flow differential between the a +. 

cut-in and the cut-out of the electrical w g 20 0 4 oo” 
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Oscillating head of the Superfinisher designed by Ohio 
Units is driven by means of a flexible cable, to reduce weight 
of oscillating and traversing mechanism to the minimum. A 
4 hp. back-geared motor operates the machine by means of 
two V-belts, one driving the headstock and the other the 
flexible shaft and the lubricant pump. 


a a a F 











7 i : i so fas ri S 3. 
pany and styled by Harold Van Doren tator mechanism and Alemite fittings II also fastened with Speednuts 
= & Associates, has a completely smooth are readily accessible for servicing. 
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Flexible Cable Drive in 





Four-pocket dough divider de- white enamel casing with screw head a ee „n 
signed by the Century Machine Com- and hold-down bolts concealed. Agi- AE R A 


Small Superfinisher 





Two speeds are available for the spindle. Provision is 
made for reversible stone holders, thus at a single set-up both 
roughing and finishing stones can be used. The pressure of 
the stones against the work is controlled through a spring- 
adjusting device. A gear-type pump with a capacity of 114 
gal. per min. is mounted in the base of the machine. 





RANDOM JOTTINGS 
ABOUT NEW PRODUCT 
DEVELOPMENTS 


An interesting three-dimensional 
effect has been obtained in the 
plastic bezel on the 1941 Silver- 
tone radios. An unusual depth of 
color is furnished by molding of 
transparent material and spray- 
ing color on the rear surface only. 
An additional advantage is that 
the plastic supplies a protective 
coating for the colored surface. 

Molded by the Plastics Division 
of Erie Resistor Corporation, this 
Tenite II plastic part is colored 
to harmonize with the radio cabi- 
net in which it is installed. 





The name “Hudson” on some 
1941 models is in chrome plated 
die-cast letters fastened to the 
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Insect screen 


Screen baffle 


Air duct and water separator attached beneath the | 
cowl ventilator opening on the 1941 Hudson. Incoming air 
passes over a series of metal baffles, so arranged that the 
cowl ventilator can be kept open during rainstorms and air 
drawn in while water is diverted and discharged in the 
rear of the motor compartment. An inlet screen is built 
into the ventilators. A cactus fibre filter can be installed if 
desired. This design supplies a constant supply of fresh air 
regardless of outside weather and prevents fogging of win- 
dows in a tightly closed car. Drafts are eliminated because 
air coming in through the cowl ventilator builds up pres- 
sure inside the car so that inside air is forced out. 


FLEXIBLE HOSE placed in the fuel line dampens sound from 
the fuel pump and prevents sounds from being telegraphed 
to the frame and body through the gasoline pipe in 194] 
Buick. Hose is of Neoprene, wound with piano wire and 
canvas-covered. 


AN INTERESTING FEATURE of the new Hudson is that an 
entirely new “torpedo” effect has been obtained by a minimum 
of body die changes. The entire roof line was altered to lower 
the crown, involving changes in the roof die which extends 
from below the rear window to about one-half of the wind- 
shield pillars and header. Door dies were changed for reveal 
moldings and concealed hinges. Front end dies were kept 
substantially the same. 


A SPONGE RUBBER SEAL is used under the hood of the 194] 
Chevrolet to prevent air leakage over the top of the radiator. 
Elimination of this air “short-circuit” has been found to 
improve cooling conditions considerably. 


FRONT SHOCK ABSORBERS on 1941 Ford 
have 20 percent more fluid capacity. 
Both front and rear shock absorbers 

~- Heavy duty E r 

oir cleaner have a new type metering adjustment 
with a double tapered valve which in- 
creases the range of adjustment for 
the same degree of valve action. 


GASOLINE TANK FILLER cap is concealed 
under the left rear lamp on new Cadil- 
lacs. Assembly is hinged to fender, 
swings upward to expose filler cap. 


RIDE STABILIZER on 1941 Ford has 
swinging shackle connections at the ends 
of the bar in place of bushings. The 
shackles swing through a small arc as 
the axle moves up and down. The slight 
reduction in the length of the stabilizer 
bar arms has the effect of increasing the 
torsional resistance of the bar so that 


Air intake and cleaner for the 
1941 Buick compound carburetion 
set-up supplies cool fresh air to the 
carburetors rather than warmed or 
heated air under the hood. Air, drawn 
through a screen from behind the radi- 
ator grille, is carried through a large 
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fabric tube reinforced with wire to a 
new heavy-duty oil bath air cleaner at- 
tached to an air intake manifold, which 
in turn connects to the air intake of 
both carburetors. In this way both car- 
buretors receive a supply of fresh cool 
air at all times. 


stabilizing action is increased. Connec: 
tions do not require lubrication. Fore 
and aft motion of the front axle about 
the radius rod pivot point has been 
decreased since the distance from the 
axle to this point is 4 in. greater than 
in the 1940 models. 
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MODERN DESIGNS - Engineering Features of 1941 Cars 


These two pages represent the final installment of design details in 
the 1941 automobiles. Twenty-four pages of this material appeared 
in October, two additional pages in November. 


New oil pump in the 1941 Pontiac. 
Pressure control is incorporated in the 
pump body. Control comprises a 1⁄4 in. 
clearance chamber above the oil pump 
driven gear, closed by a steel disk rest- 
ing directly,on the gear. Pressure be- 
tween the gear and disk is maintained 
with two small coil springs. When pump 
pressure exceeds normal, the disk is 


Compressor unit --7 


y- Condenser 
\ 


Pulley on water 
pump shaft -~~ 


Air conditioning in the 41 Pack- 
ard. The compressor unit, mounted on 
the engine block, is driven by V-belt 
from a special pulley on the water 
pump shaft. Condenser is mounted in 
front of the radiator core. When the 
engine is started, refrigerant is drawn 
into the compressor pump and com- 
pressed to pressure of 180 lb. per sq.in. 
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lifted against spring pressure to permit 
oil from the pressure side to seep back 
across the top of the driven gear to the 
suction chamber. This method controls 
oil pressure within close limits and re- 
places former types in which the con- 
trolling mechanism consisted of a pre- 
loaded ball valve housed in a drilled 


passage in the oil pump cover. 


The condenser unit is located directly 
in the current of cooling air drawn in 
by the engine fan. Cooled air is drawn 
into the car interior by an electrically 
driven, sirocco-type blower located be- 
hind the rear seat. The capacity of the 
conditioning unit is rated as 144 tons 
of melting ice in 24 hr. at a car speed 
of 60 mi. per hr. With air conditioning 





INSULATION. The Packard steel roof is 
insulated by a sound-deadening material 
permanently cemented to the underside 
of the steel. The pressure of a spring 
steel roof bow prevents any drumming 
in the roof. Rear-quarter panels are 
insulated with the same material as is 
used under the roof. The panels over 
the wheel housings have a sprayed-on 
coat of plastic insulating compound. The 
insides of the doors are sprayed with a 
viscous asphaltic compound; top and 
sides of the cowl are lined with jute. 
The trunk is insulated with a thick layer 
of asphalt-impregnated felt cemented 
to the lid. The side walls and top of 
the trunk are also coated with a 
sprayed-on layer of special compound. 
The interior of the trunk is then sprayed 
with a liquid foundation binder. While 
it is still wet and sticky a dry, fibrous 
finishing material called “flock” is 
sprayed under air pressure over the 
whole interior surface. Flock is a com- 
bination rayon-cotton material with 
fibers about vs of an inch long. These 
fibers have the peculiar property of 
standing upright when they come in 
contact with the special liquid cement, 
thus the finish given to the interior of 
the trunk closely resembles suede. 





installed, special insulation consisting 
of aluminum foil is used in the roof, 
sides and floors. Compressor operates 
at 70 percent of crankshaft speed. To 
insure adequate cooling in the con- 
denser and at the same time maintain 
full cooling efficiency in the car radi- 
ator, large-diameter fans are used in 


both the 110 and 120 series. 
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MODERN DESIGNS - 





Arm “kicks out" 
if overload occurs 


~ -Pivot 


Contact point between 
pulley wheel and shaft 


Overload release mechanism on the Yorkaire bitumi. 
nous stoker has the “kick-out” arm held by spring tension, 
Overload throws out arm, allowing pulley to run free on 
shaft. “Kick-out” must be manually reset. 


Adjustable-diameter Reeves pulley controls speed of 
wire feed in the new Moslo Welding Rod Hopper-Feeder 
machine which passes straightened wire into an extrusion 
press for application of coating. Drive mechanism runs on 
Timken roller bearings. Gears are hardened alloy steel. 


Statie electricity is discharged in the new Goodrich gaso- 
line hose by utilizing the conductivity of the synthetic rubber 
and brass wires spaced equally around the nozzle. The brass 
wires are placed in four of the 16 semi-circular stiffening 
ribs molded into the surface, with the outer edge of the wire 
flush with the surface of the ribs. These wires extend under 
and contact the metal coupling of the nozzle. Other advan- 
tages of the design are faster flow, better air venting, and 
protection of the automobile surface. 


Adjustable-pitch blades are detachable in a new im- 
peller installation made by the Federal-Mogul Corporation. 
The installation consists of three 3-blade impellers cast of 
Ni-Resist, each 45 in. in diameter and weighing 355 lb. 
assembled. Blades are mounted on Monel studs with Elastic 
stop nuts and can be adjusted to any pitch between 34 and 
40 in. This construction permits convenient installation of 
the impellers as four small units—hub and three blades. 
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STEEL TUBE FUSELAGES — III 


Major Fittings and Joints 


[N THE SECOND OF THIS SERIES of articles 
on steel tube fuselage design. pub- 
lished in the November number of 
Propuct ENGINEERING, major fittings 
and joints for engine mountings and 


JAMES E. THOMPSON and T. A. LOWE 


Vultee Aircraft, Inc. 


fuselage sections were discussed and 
illustrated with practical proved de- 
signs. An overturn structure for open 
cockpit planes was also illustrated. 

In this third installment, attachment 


methods for composite type fuselages, 
welded telescope joints and empennage 
and tail attachment fittings are covered. 
The location of these fittings is shown 
in Fig. 11, p. 513, November number. 


Semi-Monocoque Section Attachment Fittings 


In a composite-type fuselage, wherein a steel-tube 
forward section is joined to an aluminum-alloy semi-mono- 
coque aft section, the attachment method used is similar to 
that for the engine mount. A forged fitting, practically iden- 
tical with that used at the longeron forward ends for engine 
mount attachment, is welded to the aft termination of the 
longeron, connected with a single through-bolt to a stirrup 
fitting riveted and bolted to the semi-monocoque forward 
bulkhead ring and longitudinal members. 

The method of joining two-section all-steel-tube fuselages, 
wherein the aft section is removable from the forward section, 
is practically identical with the attachment method of engine 
mount to fuselage and in many cases it is practical to use 
the identical forgings to form the connecting fittings. 

When permanent connection between forward and aft 
sections of an all-steel-tube fuselage is desired, a telescopic 
type of joint similar to that shown in Fig. 20 is probably the 
least expensive, and is definitely preferable to the so-called 
“fish-mouth” joint. The latter requires two angular cuts, and 


Longeron- 


Attachment 

fitting welded 

to longeron 

(Similar to fitting at 7 
forward end of /ongeron 
for engine mount 
attachment) 


Fig. 20 


Semi-monocogue 


section forward 
Forward bulkhed 


excessive handling of the welding torch around corners. 


Wo gussets 
aft of. 
this line 
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For permanent connection of two 
tubes, the telescope-type joint shown in 
Fig. 21, is generally used where it is 
desired to effect weight saving by re- 
ducing the longeron diameter in the 
aft section of the fuselage and to break 
the structure down into sub-assemblies 
in order to facilitate production. This 
is accomplished by selecting a tube 
O.D. for the aft section longerons that 
will form a free slip-fit inside of the 
stub ends of the forward section longe- 
rons. When these joints are designed 
it is important to allow a minimum of 
14 in. from end of inner telescoping 
tube to the nearest weld, because the 
outer tube is certain to be warped out 
of round immediately adjacent to the 
junction with vertical and cross tubes. 

Intelligent selection of tube inside 
and outside diameters will permit de- 
signing telescope joints that will have 
a slip-fit between tubes without the 
necessity of reaming the outer tube. 








For example, use an 14% O.D. x 0.058 
or 0.049 wall outer tube in combination 
with a l-in. O.D. inner tube for a tele- 
scope joint. 

Where it is desired to place a bend at 
the stub ends of the forward section 
longerons in order to secure alignment 
with the aft longerons, it is preferable 
to make these bends cold, so long as 
the amount of bend required does not 
exceed 15 deg. 

Gussets should not be used between 
the stub ends of the forward longerons 
and the connecting vertical and cross 
tubes. This is to allow sufficient flexi- 
bility at assembly of the forward and 
aft fuselage sections. Both of these sec- 
tions are completely welded by the 
time the final connecting joints are 
welded and the stub ends should be left 
perfectly free, in order to provide maxi- 
mum flexibility for final alignment of 
the forward and aft fuselage sections 
at assembly. (Continued on next page) 
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Empennage and Tail Gear Attachment Fittings 


Typical layout of attachment fittings 
for empennage and tail gear connec- 
tion to an_ all-steel-tube structure. 
Auxiliary views of the attachment fit- 
tings give complete details of the con- 
struction of each. It should be remem- 
bered, in connection with these fittings, 


that a vast variety of horizontal and 
vertical stabilizer forms are possible. 


Those shown are based upon a practical, 


production airplane design and simply 
represent one completely feasible way 
of making these connections. 

The next installment of this article 


will consider the various detail fittings 
required for the normal complement of 
major installations, such as control 
systems, as well as those for equipment 
and furnishings items, such as radio 
. ' m ‘ 
equipment and pilot seats. The article 
will appear in an early number. 
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NYLON FILAMENTS 


For Industrial Brushes 


NTIL recently, most industrial 

brushes have been made with 

hog bristles. But war condi- 
tions have made it difficult to obtain 
them from India, Russia and China, 
the principal sources of supply. Also, 
hog bristles have serious shortcomings 
in applications where the brush oper- 
ates in constant contact with water or 
corrosive liquids, and in applications 
where abrasion is severe. Hence the 
growing importance of nylon monofila- 
ments in industrial brushes, for in 
these two fields of applications nylon 
is superior to natural brush materials 
such as hog bristles, tampico fibers from 
Mexican cacti, palmetto fibers from 
Florida palm trees, bassine, split rat- 
tan, reed fibers, horse hair, hickory 
splits, rubber and bamboo. 

Principal considerations in the de- 
sign of a brush are the selection of a 
type and size of bristling material that 
will stand up under the existing condi- 
tions of temperature, abrasion, and 
contacts with liquids or corrosive re- 
agents; the required stiffness of the 
brush; selection of suitable core or 
backing material; determination of 
methods for inserting the bristles; and 
design and mounting of the brush core. 
The table listing the general physical 
and chemical properties of nylon mono- 
filaments, can serve as a guide when 
considering nylon for a given brush. 

Since the limiting factor in the life 
of a brush used wet is its loss of stiff- 
ness through moisture absorption, the 
fact that nylon absorbs only one-fifth as 
much moisture as does natural bristle 
indicates that brushes used wet are in 
its biggest field of industrial applica- 
tion. For example, in high-capacity 
machines for washing beverage bottles 
the brush bristles are in constant con- 
tact with hot caustic solutions and are 
repeatedly flexed as they pass through 
the bottle necks. After washing 55,000 
to 85,000 bottles a hog bristle becomes 
so soggy and limp that it loses its 
effective scrubbing action. It is claimed 
that nylon filaments in bottle washing 
brushes such as that shown in Fig. 1 
have from three to eight times the life 
of rubber and hog bristles. 

While nylon is soluble in cresol., 
phenol, formic acid and concentrated 
mineral acids, it has unusual chemical 
resistance to most of the reagents com- 
mon in industrial use. Although the 
filaments will soften slightly when im- 
mersed in water at or near boiling tem- 
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Fig. 1—Most typical application of nylon 
is in this bottle washing brush 


In 1930, after two years of re- 
search to synthesize a useful fiber 
by polymerization, a Du Pont 
chemist thrust a glass rod into the 
contents of a specially designed 
still and withdrew a fine, sticky 
thread which hardened on cooling. 
Peculiarly, the thread could be 
permanently stretched up to a 
point where it reached a state of 
true elasticity. In this stretching 
process, chaotic chains of mole- 
cules were reoriented to form long 
orderly chains parallel to the axis 
of the fiber, as in natural silk. 

Thus was nylon born. After 
seven more years of research 
Du Pont selected one of their new 
group of synthetic fibers for com- 
mercial production, and applied 
the generic name nylon to all syn- 
thetic fiber-forming polymeric 
amides derived from coal, air and 
water. First experiments with 
nylon for brush bristles began in 
1938, and the following year saw 
its introduction in tooth brushes 
and industrial brushes. 





perature, the material has a high melt- 
ing point of 507 deg. F. and can be 
steam sterilized. 

The smoothness of the synthetic fiber, 
in contrast to the surface of natural 
bristle which is composed of many min- 
ute sharp scales, will not permit rapid 
penetration of dyes or printing inks. 
For this reason it is widely used in the 
textile printing industry in brushes for 


furnishing dye to the engraved printing 
roll. A single nylon-bristled brush can 
be used for many dye colors simply by 
washing after each run. Similarly, 
nylon has been used in brushes for 
applying glued labels to packages, 

Small hand spotting brushes used in 
dry cleaning to remove spots from 
clothes are in constant contact with 
cleaning solvents, and are subject to 
considerable pounding and scrubbing, 
Hog bristles or tampico fiber generally 
used for spotting brushes rapidly be- 
came soggy. Spotting brushes made 
with nylon have been found to last 
almost four times as long. 

The smoothness of nylon filaments 
has been reported to be a slight dis- 
advantage in certain types of cleaning 
brushes where the brush is required to 
sponge up and retain water or other 
cleaning solutions. The filaments are so 
smooth that water quickly drains out 
of the brush. This is of little importance 
in applications where there is a con- 
stant spray of washing reagent. 

Where high resistance to abrasion is 
required, nylon is preferable to natural 
bristle. Examples of this are the dye 
furnisher brush in the textile industry 
where the brush revolves at slow speed 
on the engraved printing roll, and sew- 
age brushes, such as is shown in Fig. 2, 
used by the City of Milwaukee to 
clean solid refuse from a rotary metal 
screen. In this latter brush the average 
life of hog bristles was reported to be 
only one year. Wire brushes might have 
been substituted but then the wear on 
the screen would have been excessive. 

The rug vibrator brush in the Hoover 
Model 60 vacuum cleaner, subject to 
severe abrasion at 3,000 r.p.m. as well 
as to considerable heat of friction, is 
made with nylon filaments which are 
claimed to last four times longer than 
horsehair formerly use. Nylon has also 
found extensive use in the porcelain 
enamel industry for removing dry 
enamel bisque from along the edge of 
the enamelware. 

Nylon can be given many colors both 
by dyes and pigments. Selection of 
color is not always based upon appear- 
ance. For example, in the bottle wash- 
ing industry where bristles are fre- 
quently cut off by jagged bottle edges 
and remain in the bottle after washing, 
the bristles are colored in contrast to 
the bottle so that broken-off bristles can 
be easily detected. Hence black is used 
for washing clear bottles, and white 
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filaments for brown or green bottles. 

Nylon bristles are of uniform diame- 
ter and hence are not suitable for 
brushes which must have bristles with 
a flag or tapered end or both, such as 
required in paint brushes and certain 
special machine brushes. But this uni- 
form diameter is highly desirable for 
rotary cleaning and polishing brushes. 


Selection of Filament Size 


There is no exact method for deter- 
mining the correct diameter of filaments 
and the correct trim length. Selection 
of the diameter is usually made by com- 
paring the stiffness of a sample nylon 
brush with the stiffness of a previous 
brush made with natural bristling mate- 
rial. In cases where no such compari- 
son is available, such as in the design 
of anew machine, correct filament sizes 
can be determined only by intelligent 
guesswork and trial. Nylon monofila- 
ments are available in diameters from 
0.005 to 0.022 in., in steps of 0.001 in. 
Filaments used for most industrial 
brushes range from 0.009 to 0.020 in. 
dia, and those used for brushes in 
bottle washing machines range from 
0.014 to 0.020 in. dia. Enamel edging 
brushes use 0.014-in. filaments. 

Stiffness of a brush is decreased by 
tapered wear at the ends of the bristles. 
Abrasive wear causes natural bristles to 
taper down for a considable portion 
near the ends, consequently reducing 
stiffness. In contrast to this, nylon has 
been found to wear almost straight 
across the ends of the bristle, a factor 
which may account for its longer wear- 
ing qualities and effective stiffness. One 
manufacturer reports that he grinds the 
bristles of each nylon brush after trim- 
ming to smooth off jagged ends. 


Core Materials 


Selection of core materials and bind- 
ing wire for nylon should be based 
upon the same considerations that dic- 
tate the adoption of nylon. The possi- 
bility that the synthetic bristle may out- 
live previously used core and binding 
materials should be borne in mind, and 
may make it advisable to specify more 
durable materials. Wood is ordinarily 
used as the backing material for indus- 
trial brushes. Kiln-dried maple is con- 
sidered best for brushes used wet. 
Whitewood is the lightest and is the 
easiest to machine, so it is frequently 
specified for large orders of small 
brushes. Other woods used are walnut, 
dogwood, and birch. 

In some applications where wood 
cores have deteriorated before the nylon 
bristles, substitution of metal such as 
aluminum alloy or brass has proved 
satisfactory. Molded plastic can also 
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be used but for most industrial brushes 
the extra cost is prohibitive. Wood 
cores are the least expensive to ma- 
chine, but for applications where the 
brush must be frequently rebristled or 
under conditions where wood deterio- 
rates rapidly metal may be least ex- 
pensive in the long run. 

In bottle brushes, the constant rub- 
bing of previously satisfactory brass or 
galvanized stem wire against the brush 
holder throughout the longer life of 


discolors the nylon, giving a rusty ap- 
pearance which looks unsanitary. These 
problemsvcan be solved by using stain- 
less steel wire. 


Methods of Construction 


! 


Nylon can be fastened in the core by 
any one of the following methods: wire- 
drawing, stapling, wire twisting, vul- 
canization, continuous steel strip back- 
ing. Fig. 3 illustrates these methods. 


nylon has often caused the stem to 
break. Also, ordinary stem and tie wire 


Wire drawing consists of stitching 
the filaments with wire to a core through 


GENERAL PROPERTIES OF 
NYLON MONOFILAMENTS 


MELTING POINT .. . 264°C. (10-15 degrees lower in presence of oxygen). 
DENSITY ... 1.14. 

REFRACTIVE INDEX ... 1.55 + 0.02, highly birefringent. 

HEAT OF FUSION .. . 22 calories/gram. 

SPECIFIC HEAT. . . 0.55 calories/degree. C./gram. 


MODULUS OF ELASTICITY (E)... 
At 0% relative hwaidity, 0.7 x 10* Ibs. /sq. in. 
At 50% relative humidity, 0.45 x 10* Ibs. /sq. in. 
At 100% relative humidity, 0.17 x 10* Ibs. /sq. in. 


TENSILE STRENGTH (Diameters 7-20 Mils) ... 50,000 Ibs /sq. in. 
ELONGATION TO BREAK ... 30-35%. 


ABRASION RESISTANCE .. . Far superior to hog bristle; tough rather than 
brittle. 


MOISTURE ABSORPTION .. . 2.6% at 50% R.H. 
7.6% at saturation. 


ELECTRICAL PROPERTIES... 
Power Factor . . . 2.0-3.5% at 1000 cycles, 20°C. 
Dielectric Constant ... 5 at 1000 cycles, 20°C. 
Volume Resistivity . . . 10" ohm/em.’. 


SOLUBILITY . . . Soluble in cresol, phenol, formic acid and concentrated mineral 
acids. 


EXPOSURE .. . Bristle properties unaffected by exposure conditions ranging from 
—14°C. to 65°C. and relative humidities ranging from 0 to 100%. 


OXIDATION ... Yellows slightly on long exposure at temperatures above 
100°C. in presence of oxygen. 


CHEMICAL RESISTANCE 


Time of Effect on 
Chemical Agent Exposure Bristle Properties 


Satd. sodium perborate soln. 24 hrs. None 
Satd. sodium perborate 14.days Slight decreasein tensile andstiffness, 
abrasion resistance unaffected. 
Hydrogen peroxide 24 hrs. None 
Toothpaste 6-12 mos. None, bristles slightly tinted by 
normal use colored brands. 
Trisodium phosphate, 10%soln. 3 wks. None 
Soda ash, 10% soln. 3 wks. None 
Trisodium phosphate and soda 
ash (1.1), 20% soln. 3 wks. None 
Sodium cyanide, 10.4% soln. 
(150z./gal.) 7 days None 
Potassium carbonate, 19% soln. 2 mos. None 
Acetic acid, 5% soln. 2 mos. None 
Sulfuric acid, 5% soln. 7 days None 
Hydrochloric acid, 5% soln. at 
100°C. — 
Sodium hydroxide, 1% soln. 2 mos. 
Sodium hydroxide, 10% soln. at 
85°C ; 16 hrs. 


Lard at 82°C. 5 days 
Cottonseed oil at 82°C. 5 days 


Slowly decomposes the nylon. 








ernment TV TTT ANT 





f 
a 
f 
` 


Fig. 2 


2—In this brush used at the Milwaukee sewage disposal plant to sweep refuse 


from a metal filter screen, nylon monofilaments are wire-drawn into a wood core and 
trimmed to fit the contour of the revolving filter drum 


drilled. Fila- 
supplied in 1%%-in. dia. 
specified lengths from 
These bundles are 
bundles which are 
size of the 
is threaded 


which holes have been 
ments 
bundles in 
1 1/6 in. up to 9 in. 
sorted into smaller 
folded into a U-shape the 
tufts required. The wire 
up through the hole from the core back, 
through the U, back through the hole 
and the tuft is pulled tight in the hole. 
This is usually a hand operation, can 
be used on both large and small brushes 
with all types of backing, and is par- 
ticularly suitable for applications where 
frequent re-bristling is required. 

A slight variation of this method is 
that used in the rotary brush of the 
Hoover vacuum cleaner. Here the nylon 
filaments are inserted by machine into 
a die-cast aluminum back. The wire is 
in staple form and, as shown in Fig. 3, 
is bent over at the ends. 

Stapling is generally used only with 
wood or soft plastic cores. Holes are 
drilled to a depth of about 14 in. A 
hank of filament is folded into a 
U-shaped tuft which is inserted and 
fastened in the hole by a small wire 
staple. This operation can be performed 
automatically in high speed bristling 
machines on any size brushes and is 
considered the least expensive method. 

The vulcanization method consists of 
drilling holes in the brush core, placing 
tufts of filaments in the holes with syn- 
thetic or rubber cement and heating in 
an oven until the cement has cured. 
This method imposes a definite limita- 
tion, for the fatigue resistance of nylon 
is reduced by exposure to high tem- 
peratures for long periods. This can 
be overcome by using a cement which 
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will vulcanize at low temperature. 


Fig. 3f shows a more recent method 
of constructing industrial brushes. 
Known as Steelgript, it consists of a 
continuous row of U-shaped filaments 
held in a crimped steel strip backing 
This single row con- 
in strips of any 


with a wire core. 
struction is available 


Tufts of filament 
bent into U- shape 


--Wood or metal 


Groove’ Continuous wire 
a. Wire Drawing 


„Beveled edge 
“ for holes 


_---Die-cast 
aluminum 
Wire bent over 
at ends 
b. Bent Wire Staple 


F 
Groove 


Crimped steel 
Strip backing, 
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Small wire staple 
c. Wire Stapling 


length, and can be bent to any desired 
shape. Rotary brushes are made from 
this strip either by winding it into a 
coil or by inserting rows of the strip 
around the periphery of a cylinder, See. 
tions of worn filaments can be replaced 
simply by inserting new strips. 


The Cost Factor 


At the present time, the cost of nylon 
per pound is slightly higher than that 
of high grade China bristles. One factor 
which offsets this higher cost is the 
greatly increased life of the brush in 
certain applications. Another factor is 
that there is little waste when using 
nylon filaments. To obtain stiffness with 
natural bristles the butt and flag ends 
must be cut off. It is often necessary 
to trim as much as 11⁄ in. from a 4-in, 
China bristle. 

Nylon’s principle competition is with 
high-grade hog bristles. It is not ex- 
pected to replace bristling materials 
used in cheap industrial brushes which 
now have a satisfactory life and which 
dependent on large volume, low- 
cost sales. The specification of nylon 
in industrial brushes is 
sound investment if it will outlast nat- 
ural bristling materials to the point 
where its longer life more than offsets 
the higher initial cost, or if an expen- 
sive brush core warrants the extra cost 
of a more durable bristling material. 
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Fig. 3—Various methods for fastening nylon monofilaments into brush core 
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Various available types of tubular wire wound resistors 


FIXED RESISTORS 


ELECTION of fixed resistors for 

application in any electrical cir- 

cuit, like any other design prob- 
lem, involves many technical details 
and ramifications which require the 
careful attention of the designer and 
which may result in untold grief if 
neglected. But these fundamental con- 
siderations can be outlined, and by 
matching them against the character- 
istics of the various types available, as 
herein described, the problem of fixed 
resistor selection resolves itself into one 
of mathematics and adaptation of 
mountings. 

When fixed resistors are required, 
the following ten factors must be 
checked: 

Voltage drop across resistor, E volts 

Current in resistor circuit, J amp. 

Resistance value of resistor, R ohms 

(Above factors follow Ohm’s law) 

Watts dissipated by resistor, P watts 


P=PR P= P/R P=EI 


Maximum permissible temperature 
rise of resistor and surrounding parts 

Resistance tolerance (permissible 
variation from nominal value) 

Humidity conditions 

Method of mounting resistor, and 
nature of mounting surface 

Potential between resistor and metal 
parts on which resistor is mounted 

Noise level permissible in electronic 
amplifier circuits 

Fixed resistors can be divided into 
two classifications: wire wound resist- 
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RESISTANCE Form ENCASE- 
ELEMENT MENT 
Cement 
Wound Tubular Vitreous 


Wire enamel 
Ceramic 


Strip Plastic 
Metal 
Molded Varnish 


stick Plastic 
_ Carbon Ceramic 
Composition |~—————__|_—__ 
| Glass Ceramic 
filament | Plastic 
| 
Ne e a OC NT 
ors and carbon composition resistors. 
The table above lists the general types. 
Precision instrument resistors are omit- 
ted from this classification. 


Tubular Wire Wound Resistors 


Wire wound resistors are generally 
considered to be the most stable and 
dependable. The general construction 
of tubular wire wound resistors, shown 
in Fig. 1, consists of a tubular ceramic 
core on which are mounted terminals 
and on which is wound a helix of re- 
sistance wire, most commonly a nickel- 
chromium alloy. The winding is coated 
with vitreous enamel or cement to hold 
the turns in place and to provide elec- 
trical insulation and mechanical protec- 
tion. Resistance wires in this type are 
bare, and the turns must be carefully 


spaced to prevent short-circuiting. Bare 
wire limits the windings to a single layer. 
More recently, a resistance wire 
under the trade name Koolohm has 
been introduced which is completely 
insulated with a material which main- 
tains its insulating value at high tem- 
peratures. This insulated 
wire can be closely wound and layer 
wound, and does not require overall 
coatings of cement or enamel for in- 
sulation. The resistor structure is en- 
cased in an extruded ceramic jacket. 
Physical sizes of wire wound resist- 
ors are based on wattage dissipation 
and temperature rise. Underwriters’ 
Laboratories and N.E.M.A. have stand- 
ardized at 250 deg. C. the permissible 
temperature rise of resistors with em- 
bedded windings. The exact tempera- 
ture rise of a resistor will depend on 
the air circulation, the mechanical con- 
struction, and the nature and color of 
the resistor surface. A temperature 
rise of 250 deg. C. when the resistor is 
suspended in free air permits dissipa- 
tion of approximately 4.7 watts per 
sq.in. of surface of two-terminal tubular 
resistors. Fig. 2 shows approximate re- 
lationship of the temperature rise to 
wattage dissipation of a tubular re- 
sistor. Multiple tapped resistors have 
a somewhat lower wattage rating than 
two-terminal units of the same size. 
Selection of wire size when bare wire 


resistance 


is used is almost always dictated by the 
winding space and the resistance value 


required. Commonly used bare wire 





sizes range in diameter from 0.001 in. 
to 0.032 in. or larger. Wires smaller 
than 0.002 in. in diameter should not 
be used where absolute reliability is 
required, particularly in the presence 
of high humidity. 

Variation in resistance value is per- 
missible in usual industrial applica- 
tions. Standard commercial tolerance 
for wire wound units is 5 per cent. Re- 
sistors which require tolerance of 1 per 
cent or closer are classed as precision 
resistors and require special construc- 
tion at higher cost. 

The temperature coefficient of resist- 
ance will cause a rise in resistance of 
3 to 7 per cent at full rated wattage, 
depending on the temperature reached 
by the windings and on the alloy used. 
Nickel-chromium alloys have a slight 
aging characteristic which produces a 
permanent change in resistance value 
of a few per cent after extended heat- 
ing and cooling. 

Corrosion or oxidation of the resist- 
ance wire will produce permanent 
changes in resistance value. This effect 
depends somewhat on wire size, for a 
given depth of attack on very fine wires 
will produce a much larger percentage 
reduction in cross section area and in- 
crease in resistance than in wires of 
large diameter. Pure nickel-chromium 
alloys are least susceptible to corrosion. 
Resistance wires with large percentages 
of iron, even though an increase in 
specific resistance is obtained with a 
consequent lowering of cost, should be 
avoided in conditions of high humidity 
or in the presence of corrosive fumes. 

Cement. enamel, or ceramic jackets 
are needed to provide electrical insula- 
tion and mechanical protection to wire 
wound resistors. Cements used can be 
classed as organic and inorganic types. 
Organic cements are the most resistant 
to moisture, but are ordinarily limited 
to operation below 100 deg. C. This 
temperature is the limit of wattage dis- 
sipation so organic-cement coated re- 
sistors must be made larger than other 
types for a given wattage rating. In- 
organic cement coatings can generally 
be operated without restrictions up to 
the full rated load temperature, but are 
not as moisture-resistant. 

In vitreous enamel coatings the 
enamel slurry is applied to wound units 
by dipping or spraying. The coating is 
then dried and vitrefied in furnaces at 
775 to 880 deg. C. Enamel coatings 
have no temperature limitations up to 
the full rating of the resistor, but are 
in general more hygroscopic. 

Ceramic outer jackets on resistors 
are a newer and improved method of 
providing mechanical protection and 
secondary insulation for resistor wind- 
ings. Ceramic-coated resistors can be 
attached to metal chassis or mountings 
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Fig. 2—Curve showing relationship of temperature rise to wattage dissipation 


without danger of short-circuiting or 
grounding. Ceramic jackets are heat 
proof and can be made of material 
having little moisture absorption. 

Standard terminal constructions, 
shown in Fig. 3, are lugs or wire pig- 
tails. The lugs can be designed to take 
screws or special hardware. Wire pig- 
tails can be stranded or solid, as re- 
quired. Tapped resistors, with multiple 
terminals, are also standard construc- 
tion in vitreous enameled and cement 
coated resistors. 

Terminals must withstand the firing 
temperatures of enamel or cement coat- 
ings and consequently must be of such 
metal as to be resistant to oxidation at 
these temperatures. Copper, monel, and 
nickel are commonly used. Copper ter- 
minals usually require cleaning and 
tinning after the firing operation. 

Variable contact resistance in the 
joints between the wire of the resistor 
windings and the external terminals 
can cause erratic performance of the 
resistor. These joints are also highly 
susceptible to corrosion and electro- 
lytic effects where dissimilar metals are 
joined. Silver soldering is the most 
practical and reliable means of mak- 
ing soldered connections on resistors. 

One terminal construction which 
gives a rigid, low-resistant contact con- 
sists of a cast metal cap or ring which 
embeds ends of resistor windings and 
terminal lug or wire. Metal used must 
have a sufficiently high melting point to 
avoid softening or creeping. 


In mounting cement covered and vit- 
reous resistors care must be exercised 
to avoid bringing the surface near metal 
parts at high potential with respect to 
the resistor circuit. These units are 
usually mounted rigidly by through- 
bolts, or by the use of mounting feet 
inserted in the center bore of the 
resistor tube. Fig. 3 shows these mount: 
ings. When through-bolts are used, 
caution is needed to avoid short cir- 
cuiting or grounding the resistor ter- 
minals with the bolt heads or washers. 
Resistor terminals are usually indented 
from the tube edge, as shown in Fig. 
3, to leave an insulating length of 
ceramic tube. If high voltages are in- 
volved, ceramic or mica insulating 
washers on the resistor ends or extra 
indentation of the resistor terminals 
should be used. 

Where ceramic outer casings are pro- 
vided, small units are usually so con- 
structed that they can be mounted di- 
rectly by the wire pigtails or clamped 
to chassis or frame. Higher wattage 
units can be mounted by clamps or 
mounting feet to metal surfaces. 


Strip Resistors 


Strip resistors provide an econom- 
ical solution to some resistor problems 
where relatively low wattages are in- 
volved, particularly when multiple 
tapped units are required. Fig. 4 shows 
Common strip resistor constructions. 
One of these is completely metal clad, 
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another is of the plastic molded type 
with a metal mounting bracket which 
acts as armor on one side, and the third 
is a vitreous-enamel plague. In both of 
the first two types, the resistance wind- 
ing is placed on flat plastic or fiber 
strips, and is terminated by clamping 
fingered parts of the terminal lugs 
around the windings or by connecting 
the winding ends to lugs fastened to 
the winding form. 

Wattage dissipation of the two strip 
resistors is limited by the organic in- 
sulating materials and winding forms 
used, with 100 deg. C. the maximum 
permissible temperature. Wattage dis- 
sipation is achieved by fastening strip 
resistors tightly against chassis or other 
flat metal surfaces which act as heat 
radiators. Prevent this conducted heat 
from affecting other parts. 

The various widths of strip resistors 
are usually rated by wattage per linear 
inch of resistor. This rating varies with 
construction, and is strictly based on 
the resistor mounted to metal. 


Carbon Composition Resistors 


The application of carbon composi- 
tion resistors is chiefly to electronic 
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Edison base 


Resistor Terminals 


Wire pigtails on small resistors, 
dison base and ferrule terminals 
are sufficient for mounting. 
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circuits and apparatus, and has found 
its principal usefulness in radio work. 
In general, they are recommended only 
for applications where wattage dissi- 
pation does not exceed 2 watts and 
resistance stability is not required to 
be better than 10 per cent. Two gen- 
eral classifications of carbon composi- 
tion resistors are the molded stick re- 
sistor and the coated filament resistor. 
The molded stick resistor consists of 
a cylindrical rod formed under high 
pressure by molding or extruding a 
compound containing dispersed car- 
bons, and hardening by baking. The 
resistance of the rods varies approxi- 
mately inversely with carbon content. 
Terminal bands are formed on the 
resistor sticks by spraying molten metal 
bands around the ends and soldering 
lead wires to these bands, or by press- 
ing metal caps over the ends of the 
sticks to which the leads are attached. 
A more recent construction has the lead 
wires molded into the resistor stick. 
Molded stick resistors can be im- 
pregnated to moisture-proof them, after 
which they can be finished with a coat- 
ing of varnish or lacquer or completely 
encased in a jacket of molded plastic. 
A further variation is to encase the 
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Fig. 3—Terminal constructions and methods of mounting tubular resistors 
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resistor in a tubular ceramic jacket. 
Fig. 5 shows these constructions. 

Coated carbon filament type resistor 
consists of a glass filament on the sur- 
face of which is deposited a coating of 
carbon composition. The resistance per 
unit length of filament is determined 
by the carbon content of the coating. 
This filament may be in solid form with 
the carbon coating on the outside, or 
in tubular form with the resistance 
material on the inside. 

Two common finishing procedures 
are used with this construction. The 
conducting filament may be slipped 
through the bore of a ceramic tube, 
lead wires attached to the filament ends, 
and a cast cap of type metal poured 
around the ends to securely join the 
filament, lead wire, and ceramic tube. 
Or the filament and lead wire connec- 
tions may be encased in plastic. 

Wattage ratings of both types of 
carbon composition resistors have been 
determined somewhat by the tempera- 
ture limitations of the materials in- 
volved. Four wattage sizes, 14, 1⁄4, 1, 
and 2 watts have been standardized by 
the Radio Manufacturers Association. 
The physical size of these units varies 
somewhat with the manufacturer, but 
approximates dimensions given below. 


| | 
Max. 





RATING IN| OVERALL SIZE 
WATTS IN IN. R.M.S. 
| VorTS 
A | 34 x # Dia. 200 
yy 175 x 9 Dia. 350 
l 14x 4 Dia. 500 
2 24; x 1 Dia. 500 





Maximum root mean square voltage 
limitations for these units are shown 
in the table. When a certain resistance 
and wattage rating requires a voltage 
which exceeds the values shown, larger 
units or multiples must be used. 

Carbon composition resistors are 
manufactured in any standard resist- 
ance rating from 5 ohms to 20 meg- 
ohms. Values lower than 5 ohms and 
higher than 20 megohms require spe- 
cial treatment. Glass filament construc- 
tion is available in very high resist- 
ances, of the order of thousands of 
megohms, for use as high resistance 
standards in electronic apparatus. The 
maximum practical resistance of the 
molded rod is 100 megohms. 

Decreasing resistance with either in- 
creasing voltage or temperature is 
characteristic of carbon composition 
resistors. In modern constructions, 


these effects are small, usually less 
than 5 per cent decrease in resistance 
between the readings taken at 1/10 
rated voltage and full rated voltage, 
and 5 per cent decrease in resistance 
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Plaque Type 
(Ceramic core, ename/ coated). 


pr es » eee 


Fig. 4—Strip and plaque resistors of the wire wound type 


between readings taken at room tem- 
perature and at rated wattage dissipa- 
tion. These effects are more pronounced 
in higher resistance values and are 
cumulative, so that a total change of 
10 per cent may occur. 

Carbon composition resistors are very 
sensitive to absorbed moisture, but un- 
like other semi-conductors, resistance 
increases with moisture absorption. 
They must be carefully dried and im- 
pregnated. Types encased in molded 
plastics or ceramic have the greatest 
resistance stability. 

Aging, or drift in resistance value 
with time, in carbon composition re- 
sistors can be caused by absorbed mois- 
ture. Under the best conditions resist- 
ance stability of 10 per cent over ex- 
tended periods of time can be expected. 

Standard initial resistance tolerances 
for carbon composition resistors are 
plus or minus 5, 10, and 20 per cent 
from nominal value. This rated toler- 
ance applies only to initial resistance 
value; the variations caused by voltage. 
temperature, and humidity may produce 
further deviations. 


Typical Resistor Calculations 


ExaMpPLe 1l. A relay coil designed to 
operate at 115-volt d.c. must be oper- 
ated from a 230-volt circuit. The cur- 
rent drawn by the relay coil is 0.5 amp. 
and may fall to 0.45 amp. before unre- 
liable operation occurs. It is desired to 
place in series with the relay coil a 
resistor of such type and value as will 
permit satisfactory operation from the 
230-volt circuit. 

The resistance of the relay coil is: 

E115 


R =- = 


E ani 8 
7 05 230 ohms 


Total resistance required in circuit: 


E 230 


- 460 ohms 
I 05 


The external resistor must have 


460 — 230 = 230 ohms 


Resistance tolerance, which is the 
same as the per cent permissible varia- 
tion in relay current: 

0.5 — 0.45 


= X 100 = 10 per cent 
0.5 


Wattage dissipation will be: 
P = PR = (0.5)? X 230 = 57.5 watts 


A wire wound resistor should be spe- 
cified. If the full temperature rise of 
250 deg. C. of standard wire wound 
resistors is permissible, a 60-watt re- 
sistor will be specified. Where some 
lower temperature rise must be set, a 
close approximation of the wattage rat- 
ing of the resistor to be specified can be 
obtained by reference to Fig. 2. For 
example, if the temperature rise is to 
be limited to 100 deg. C. this is (100/ 
250) = 40 per cent of full rated tem- 


perature rise. The chart shows that 49 
per cent of full rated temperature rise 
will be produced by 46 per cent of full 
wattage rating. A resistor wattage rat. 
ing of which 57.5 watts is 46 per cent, 
or 125 watts, must be specified jo oh. 
tain a 100 deg. C. temperature rise. 

Exampte 2. A neon pilot lamp draws 
a current of 0.001 amp. when operated 
at its rated voltage of 230 volts. It js 
desired to operate this pilot lamp on a 
550-volt circuit. To accomplish this, g 
resistor must be placed in series with 
the pilot lamp on the 550-volt circuit. 

The voltage drop across the resistor 
must be: 


550 — 230 = 320 volts 


The lamp current is 0.001 amp. The 
series resistor must have a value of: 


E 320 
I 0.001 


320,000 ohms 


The wattage which will be dissipated 
by the resistor will be: 
F? 320? 


R 320.000 


102,400 
320,000 


= 0.32 watt 


A -watt resistor will be adequate 
for the application. Since the operat- 
ing voltages and currents of ordinary 
neon lamps are not critical and may 
vary as much as 10 per cent, a carbon 
composition resistor is satisfactory. 


ILLUSTRATIONS in this article appear 
through the courtesy of Sprague Prod- 
ucts Company, Ward Leonard Elec- 
tric Company, International Resistance 
Company, Ohmite Manufacturing Com- 
pany, The Muter Company, Stackpole 
Carbon Company, Allen-Bradley Com- 
pany, and Erie Resistor Corporation. 


C arbon “stick 
with plated 
copper ends 


‘ig. 5—Coated filament and carbon stick type carbon composition resistors 
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Fatigue failures in threaded tie rods bracing the tail 
surfaces of an airplane resulted from stress concentration 
in the root of the threads as a result of vibration of the tie 
rods. To eliminate this stress concentration a longer termi- 
nal was designed, the end of which covers the threaded 
section of the rod. A clamping nut is run up on the tapered 
thread so that the terminal grips the solid shank. 
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FLEXIBLY MOUNTED GENERATOR 
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CAUSES AND CURES 


Propuct EncineeRING will pay $3 for each example published in Causes and Cures. 
Where illustrations are necessary, include drawings, rough sketches or photographs 








High-wattage street lamps had smooth aluminum re- 
flectors which reflected heat rays back through the focal 
axis, setting up high temperatures which caused lamp to 
burn out. So General Electric’s Lynn laboratory developed 
this reflector with steps or flutes which reflected rays slightly 
to one side of the stem. By attaching thermocouples 
a reduction in stem temperature of 278 deg. F. was found. 


Stators of large two-pole electrical machines assume 
slightly elliptical shapes, caused by tremendous magnetic 
pull of field poles. This elliptical shape, only a few thou- 
sandths of an inch out-of-round, revolves with the rotor, 
creating a movement transmitted to foundations as annoying 
vibration. Westinghouse engineers eliminate this with an 
ingenious flexible mounting. Stator is supported on two sets 
of links as shown. One set permits horizontal but not vertical 
motion, the other permits vertical but not horizontal motion. 
Sum total is no motion at all where links rest on foundation. 


CHROMIUM-PLATING aircraft engine cylinders resulted in a 
surface so smooth that oil would not adhere to it. Piston 
rings wiped the cylinder clean of oil on each down stroke. 
Engineers wanted the wearing advantages of hard chromium, 
so they looked for a method to give the surface oil-retaining 
properties. Solution was to plate the cylinder to a coating 
thickness slightly greater than required, then reverse the 
current for a short period and “strip” the surface, leaving 
minute pores in the chromium. Surface is hard and smooth, 
but oil adheres and the lubricating film can be maintained. 
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PERMANENT MAGNETS IM! 


Cast or sintered aluminum-nickel alloy 
high-coercive magnets are being used 
in ever-increasing numbers to replace 
bulky, current-consuming wound mag- 
nets which require wire leads or com- 
mutators, and to replace heavier and 
shorter-lived chromium-steel or cobalt- 
steel magnets. For determination of de- 
sired magnetic values see PRODUCT 
ENGINEERING, April 1937, p. 122-125; 
May 1937, p. 181-183; June 1937, p. 
220-221. Grinding is the only practical 
machining method. Wherever possible 
use magnets of uniform cross-section 
which can be cast in long bars, center- 
less or surface ground as required and 
cut off to length by abrasive saw. Fast- 
ening methods should require a mini- 
mum of grinding. Sintered magnets can 
be molded accurately, and holes can be 
cast accurately by using graphite cores. 


Fig. 1—Scintilla magneto has two cast 
and ground magnets in its simple rotor 
construction. The solid magnets are 
held by clamping them between the 
rotor laminations and end plates. 


Fig. 2—In the die-cast rotor assembly 
of the Wico Electric Company magneto 
the laminated rotor shoes are tightly 
riveted together, magnets are placed 
between them, and aluminum alloy is 
cast around them. Die-cast unit is 
mounted on shaft by an end plate 
screwed into holes tapped in the die- 
casting metal. Lubricating oil circu- 
lates around the shaft within the rotor. 


Fig. 3—The motor of the electric 
tachometer indicator of Kollsman In- 
strument Division is electrically driven 
in synchronism with a small generator, 
mounted on and driven by the engine. 
On the motor shaft extension is mounted 
a 4-pole permanent magnet which re- 
volves within a cup. Eddy currents set 
up in the cup by the revolving magnet 
tend to rotate the cup, which is re- 
strained by a hairspring. Amount of 
rotation of cup depends on speed of the 
magnet, thus upon speed of the engine. 


Fig. 4—Tunnel-type aluminum-nickel 
alloy magnet is used to achieve high 
power in this Varney miniature locomo- 
tive model motor. Wide skirted pole 
pieces eliminate tendency toward rough 
operation at slow speeds. These cast 
magnets were formerly internally 
ground for accuracy, but are now cast 
to tolerances of a few thousandths of 
an inch by using graphite rod cores. 
The magnet is powerful enough so that 
a relatively wide air gap is permissible. 
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Fig. 5—Tiny sintered aluminum-nickel- 
cobalt permanent magnets are used in 
these Sonotone Corporation micro- 
midget hearing aids. Weight and size 
are of paramount importance. Polarity 
of the magnets is transverse,-with poles 
at flat surfaces top and bottom. Molded 
accurately to size, the only grinding 
necessary is on the pole faces. 


Fig. 6—Typical ring-type cast perma- 
nent magnets in Cinaudagraph radio 
speakers. Magnet material is cast as 
a long cored cylinder. Only machining 
is cut-off with abrasive saw. 


Fig. 7—Permanent magnet in tape 
form is used for permanent sound re- 
cording. The tape, as shown in this 
schematic set-up, passes between two 
sets of poles and is magnetized either 
through its thickness or width by the 
sound current. Tape is made of a new 
alloy called Vicalloy consisting of 40—60 
per cent cobalt, 5-20 per cent vana- 
dium, balance iron. This alloy can be 
rolled, drawn, welded, machined, and 
has a coercive force as high as 400 
oersteds. 


Fig. 8—Aluminum-nickel permanent 
magnet replaced two chromium-steel 
magnets in this damping unit for Dun- 
can watt-hour meters, giving longer 
accurate life and simpler construction. 
Magnets are cast in horseshoe shape, 
with grinding only on pole faces. Tem- 
perature compensation is effected by 
placing on the side of the magnet a 
thin sheet of a metal which has a nega- 
tive temperature coefficient of perme- 
ability. Magnetic field is adjusted by 
varying the gap between magnet and 
soft iron armature. 


Fig. 9—Blow-out magnets on the Yale 
& Towne Cam-O-Tactor for industrial 
trucks prevent arcing of contacts when 
interrupting currents as high as 500 
amp. High-coercive permanent mag- 
nets in place of electromagnets save 
space and eliminate the objectional 
drop in voltage across electromagnets. 
Magnets are cast with cored hole which 
is slipped over bolt in blow-out 
assembly. 


Fig. 10—Arc blowout magnet of alumi- 
num-nickel alloy is mounted directly 
beside contacts of this Cutler-Hammer 
refrigerator control. No machining is 
necessary; the casting is cadmium 
plated before magnetization. Main con- 
siderations are permanence of operation 
and conservation of space. 
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FATIGUE STRENGTH-II 
Of Members as Influenced by Surface Conditions 


O. J. HORGER, Director, Railway Engineering and Research 


FFECTS on fatigue limits of 
members caused by various 
types of surface finishes rang- 


ing from rough turned to superfinishes 
were discussed in Part I of this article, 
which appeared in the November num- 
ber of Propuct Encineerinc. The 
present installment will deal with the 
effect on fatigue endurance of opera- 
tions such as burnishing, rolling and 
press-fitting. The influence of surface 
conditions on fatigue of members un- 
der torsional loading will also be dis- 
cussed. 

Burnishing machine parts by pass- 
ing a hardened roller under pressure 
over a surface or by pressing a ball 
through an undersize hole are old 
methods of obtaining smooth and wear 
resisting surfaces. It has been only 
about ten years, however, since the 
first experimental evidence was sub- 
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Surface finish, micro-inches - -. . 30 
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Tite l a 100 
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mitted to show that burnishing also 
produced a surprising increase in fa- 
tigue strength. During this decade va- 
rious investigators have confirmed and 
extended earlier findings. Today much 
practical use is being made of this 
knowledge in various commercial ap- 
plications. 

Some examples of increased rotating 
bending fatigue strength obtained by 
surface rolling of 0.3 in. dia. plain 
specimens are shown in Fig. 6. Note 
that the fatigue strength increases with 
increased rolling pressure despite the 
fact that the higher roller pressures 
produce greater irregularity of surface 
finish. A point can be finally reached 
where very little additional increased 
fatigue strength is obtained with an 
increase in rolling pressure, this maxi- 
mum increased strength is about 30 per 
cent above that for the unrolled bar. 


183 210 250 10.5 


10 170 210 100 
49,000 50,000 50,000 46,400 
126 116 


The method of rolling the specimens 
is shown in Fig. 7, three equally spaced 
rollers under spring pressure are con- 
tained in a cage mounted in the tool 
post which is fed along the shaft. Us- 
ing a multiple number of rollers has 
an advantage in that the roll pressure 
is not imposed on the lathe centers, 
also one or two of the rollers can be 
provided with a relatively sharp con- 
tour radius in order to produce great 
penetration of work hardening in the 
shaft, and yet another roller can have 
a flat contour to give a smooth surface, 
Sufficient roller pressure is applied to 
produce plastic flow of the metal un- 
der the roller, this is evidenced by a 
small wave of metal flowing ahead of 
the roller. The structure shown in 
Fig. 8 was obtained by surface rolling 
a specimen of S.A.E. 1045 normalized 
and tempered steel. 


7 «+ ° . . 
is-in.dia. x Z-in. contour radius 


130 183 210 250 
200 270 240 310 
49000 51,400 52,200 52,600 
123 129 131 132 


Fig. 6—Endurance fatigue limits in rotating bending of 0.3 in. dia. specimens after surface rolling at various pressures. Roller used 
for left-hand group has a 1\% in. contour radius, roller used for right-hand group has a 3/32 in. contour radius 
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Results of similar fatigue tests, 
shown in Fig. 9, on shafts of 1 and 2 
jn. dia. at various rolling pressures, 
indicate an increase in fatigue strength 
similar to that for the 0.3 in. mem- 
bers in Fig. 6. Further investigation 
on 6 in. axles indicate similar con- 
clusions. 

The foregoing discussion of rolling 
was concerned only with plain speci- 
mens in which there were no stress 
concentration factors such as fillets, 
notches. or press-fitted members. In 
specimens having stress concentration 
shapes, however, the per cent increase 
in endurance limit obtained by sur- 
face rolling was greater than that for 
the plain specimens in Figs. 6 and 9. 
The method of rolling a fillet is shown 
in Fig. 10, the tool supports a single 
roller which is made to traverse the 
fillet while the axle rotates. 

Fillet rolling applied to té in. shafts 
having a 0.40 in. radius fillet connect- 
ing a % in. diameter shoulder gave 
the values listed in Table II, (See 
“Danger of Fatigue on Grooves of 
Shafts and Axles and its Diminution,” 
by A. Thum and E. Bruder, in Deutsche 
Kraftfahrforschung, Number 11, 1938.) 
In this test the notch effect of the fillet 
was largely offset by the influence of fil- 
let rolling. Other sizes of fillets were 
also investigated in which the results 
showed that rolling improves the en- 


Size of 3 rollers 





Fig. 7—Surface rolling a shaft with three equally spaced rollers held under spring 
pressure in a cage mounted on tool shank. With this multiple roller arrangement the 
danger of putting pressure on lathe centers during rolling is avoided 





Fig. 8 —Photomicrograph (magnification 1,000) of structure obtained by surface rolling 
an S.A.E. normalized and tempered steel. (A) New surface. (B) Below surface 
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Fig. 9—Increase in fatigue strength by surface rolling 1 and 2 in. dia. shafts of S.A.E. 1045 normalized and tempered steel at various 
rolling pressures. Further investigations of 6 in. dia. axles indicate similar conclusions 
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Table II—Endurance Limit in Rotating 
Bending 


LB. PER 
SQ. IN. PER CENT 


0 


Shaft without fillet, polished 56,900 it 
Shaft with rolled fillet...... 50,000 87 
29,700 | 52 


Shaft with polished fillet, not rolled. ... -| 


Table II—Effect of Rolling Shaft 
at Wheel Seat* 


ENDURANCE FATIGUE Limit 

AXLE WITHOUT PRESS-FITTED IN ROTATING BENDING 
WHEEL — — 

Le. Per So. In. | PER CENT 


34,400 
Smooth Turned | 13,000 
Rolled Finish 35,000 
Flamed Hardened 15,000 
Metal Sprayed | 21,000 


* For press-fitted wheel on 2 in. axles of normalized and 


Fig. 10—Surface rolling 1 in. fillets on a 5 in. shaft tempered S.A.E. 1045 steel. 


durance limit of the specimens in ro- 
tating bending. 

The piece shown in Fig. 11 is a 
quenched and tempered alloy steel 
member about 5 in. dia. which when 
subjected to alternate tension and com- 
pression loading developed fatigue 
failure in the base of the 1% in. fillet. 
A number of such failures occurred in 
service after a few months operation. 
After rolling the fillet, however, with- 
out any changes in design, no further 
failures were encountered to date in a 
period extending over two years. 

It is common practice to roll the key 
seat portions of aircraft and automo- 
bile engine valve stems to prevent fa- 
tigue failures which might otherwise 
occur in that section. Transverse holes 
in crankshafts and other members are 
also potential sources of failure which 
initiate at the edge of the hole. By 
pressing with specially shaped blocks 
against the shaft in the immediate 
region of the hole an increase of 38 
per cent and higher in fatigue strength 
has been obtained. (A. Thum and W. 
Bautz, “Increasing the Fatigue Strength 
of Notched Members by Residual 
Stresses,” Zeitschrift des Vereines 
deutscher Ingenieure, Vol. 78, Number 
31, August. 1934). Screw threads also 
have been improved by as much as 
100 per cent in fatigue strength by 
rolling. (W. Staedel, Fatigue Strength 


of Threads, Mitteilungen des Material- 


priifungsantalt an der Technische 


Hochschule Darmstadt. Vol. 4, 1933). 
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The threads are rolled only in the bot- 
tom portion so as to compress the 
material in the critically stressed re- 
gion without influencing the thread 
engagement. Also, the eye ends of rods 
having 1%, in. holes were increased 
50 per cent in fatigue limit by rolling 
the surface of the hole. 

Often surface rolling can not be ap- 
plied to cold work the surface of 
intricately shaped members. Highly 
stressed coil springs and also rear 
axles for automobiles sometimes are 
shot blasted to improve their fatigue 
strength. 

Press or shrink-fitted wheels, pul- 
leys, gears, and bearings decrease the 
fatigue strength of axles. A typical 
fatigue fracture in a shaft to which is 
clamped a split pulley is shown in 
Fig. 12. Table III shows how rolling 
seats on 2 in. axles, of normalized and 
tempered S.A.E. 1045 steel, increased 
their resistance to the stress concen- 
trations that are present in press-fitted 
wheels. 

The ‘high stresses necessary to test, 
for fatigue strength in rotating bend- 
ing, axles as large as 11% in. dia. 
which had been rolled in the wheel fit 
caused tightly pressed-on wheels to 
loosen without breaking the axle. In 
other tests unrolled identical axles 
broke off in the wheel fit without loos- 


ening the wheels. Fig. 11—Fatigue failure of 5 in. dia 
Under alternate torsional loading shaft which originated at base of 1/8 in 


the influence of surface conditions on fillet. This condition was later corrected 
fatigue is much greater than under by surface rolling fillet 
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Fig. 12—Fatigue fracture caused by clamping effect of split 
pulley which decreased the fatigue strength of the steel shaft 


either alternate bending or tension 
loads, because when a member is sub- 
jected to torsion the shear stress has 
the same value as the tension and com- 
pression stresses as indicated diagram- 
matically in Fig. 13. This is not true 
of members loaded in bending or direct 
tension, for under these conditions the 
shearing stress is one-half of the ten- 
sion stress. Because of this equality 
of stresses under torsion the direction 
of fracture failure is dependent upon 
surface conditions and fibre structure 
of the material in several different 
planes. 

These characteristic differences in 
stress distribution under torsional load- 
ing lead to odd types of fatigue frac- 
ture. Under stress conditions as indi- 
cated in Fig. 13 a fatigue crack may 
initiate as a separation fracture in a 
45 deg. plane or in a sliding type 
of fracture in either the longitudinal 
or transverse plane. Which of these 
two types of failure develops depends 
upon whether the tension-compression 
stresses first reach the . separating 
strength of the material or whether the 
shearing stresses first reach the shear- 
ing strength of the material. Fig. 14 
shows an unusual fatigue fracture of 
the latter type. 

As previously mentioned longitudinal 
defects have little or no influence in 


bending and tension, however, under 
torsion a marked reduction in fatigue 
strength occurs because of the induced 


stress conditions. Directional proper- 
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ties imposed by rolling mill practice 
in a bar often are accompanied by a 
lower shearing strength in the longi- 
tudinal than in the transverse plane. 
Slag lines or inclusions also are par- 
ticular points of weakness. It is some- 
times contended that such points or 
planes become more pronounced in sub- 
sequent hardening processes. 


Epitor’s Norte: Part III of this article 
will be presented in the January, 1941, 
issue. This third installment will deal 





Fig. 13—Stress condition on surface of shaft in torsion. At 
center and at right are shown shearing and principal stresses 
acting on two individual elements. The network at the left 
shows the shearing and principal stresses combined 


with some investigations covering the 
fatigue strength of forgings parallel 
and across the grain, and the effect of 
structural conditions on planes of 
fatigue fracture. Low temperature 
quenching and surface treatments such 
as case carburizing, nitriding, induc- 
tion hardening and flame hardening of 
local regions, and the metal spraying 
of surfaces as they influence the fatigue 
strength of rolled flat chromium-vana- 
dium steel plates, and carbon manganese 
steel shafts will also be described. 





Fig. 14—Shaft with unusual torsional fatigue fracture that failed through shear 
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Shower nozzles molded in eighteen colors, designed by Mueller Brass Company 


COLOR WITH PLASTICS 


Applying Acetate-Butyrate to New Product Design 


SIDE from weight and produc- 
tion cost considerations, plastics 
offer to the designer a practi- 

cally limitless choice of color. In the 
acetates alone there are 13,000 colors 
available and established, ranging from 
transparent through transiucent to 
opaque and including metallic, pearles- 
cent and variegated effects. Fluorescent 
colors have recently been added; these 
plastics take on varying shades in differ- 
ent lights and cost no more than the 
usual run of cellulose acetates. 
Metallic effects are obtained by the 
addition of a small percentage of alu- 
minum to the mix. Variegated colors 
are made by manipulating the amounts 
of different hues, or by varying the 
hardness of the plastics mixed. If mixed 
by the molder there is no additional 
cost; on the other hand they may be 
obtained already mixed at a cost in- 
crease approximating ten cents a pound. 
Pearlescent colors, although not widely 
used, cost considerably more as the 
effect is obtained by introducing, in the 
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manufacturing process, real or synthetic 
fish scales into the mixture. 

If the designer desires to add color 
to increase sales appeal of his product, 
he can do so at relatively low cost with 
injection-molded plastics. Black gener- 
ally costs the least; plain colors, includ- 
ing the transparent ranges, cost a little 
more. Of course the stability of any 
color in a plastic is a direct function 


Kodachrome illustrations appear- 

ing in this article were furnished 

through the courtesy of the Ten- 
nessee Eastman Corporation. 


of the stability of the die. Generally 
speaking the lighter colors in delicate 
shades would have a slight tendency to 
fade under extreme conditions. Also, 
when certain definite color matchings 
must be met, it may be necessary to use 
a less stable dye. These considerations 


must all be weighed before the choice 
of color in the plastic is determined. 

No attempt will be made to set down, 
or even point out, rules of color choice, 
Such discussions belong more properly 
to the field of industrial design. Numer- 
ous articles have appeared in P.E. on 
the subject. (Refer to P.E. April 193/, 
pages 129-130; June 1937, pages 23l- 
234; Jan. 1936, pages 25-28). These 
articles by recognized authorities point 
out the particular aesthetic and sales 
advantages of certain colors and color 
combinations in products. 

When plastic is used, separate cleat- 
ing, finishing and drying operations 
will not be required. Finish is perme 
nent: it runs all the way through and 
will not mar, chip or fade nor be 
affected by body acids. Another advan 
tage specifically in butyrate plastic i 
that the material is tough enough to 
punch or to have metal crimped around 
it. Inserts or self-tapping screws can 
be used; this avoids costly tapping 

In ordering, color may be indicated 
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> by a colo sample such as a piece of 
D fabric, paper. paint panel, or the like; 


or, it may be merely described. Color 
, 


; samples from which selection may be 
"made are usually supplied upon re- 


est. In specifying variegated colors 
in blanks or granulation, the color 
effect should be described, for example, 
“cream-brown variegation, cream to 
predominate, with occasional brown 
striations. 

Where variegated effects are to be 
produced by injection molding, the 
granulation should be ordered in plain 
colors for mixing, as needed, before 
injection. When the component colors 
are supplied separately, the molder is 
jn a position to control the variegation 
by adjusting the relative quantities. 
Blending is influenced by the size of 
the piece and by the size of the nozzle, 
sprue, runners, and gate as well as by 
molding temperature. It is also influ- 
enced by the relative degrees of hard- 
ness of the component colors and by 
their particle size. The predominant 
base color is usually furnished in a 
much softer flow, and sometimes in a 
different particle size, than the other 
colors, which are known as “fillers.” 
Within limits, some of these factors may 
be compensated for by changing the 
proportions of the component colors. 

When granulations representing a 
mechanical mixture of two plain colors 
are used in compression molding, a 
mere “salt-and-pepper” effect is pro- 
duced. A better configuration is ob- 
tained when the mixture of colors 
exists within the granules themselves. 
Such variegated granulation can be 
supplied on order from the material 
manufacturer. 

The striated effect on the edge of a 
variegated sheet differs from that on the 
top and bottom and is usually more 
attractive. For this reason, blanks for 
compression molding are often cut from 
the molding sheet so that, when placed 
in the mold cavity, this striated edge 
becomes the top or appearance surface 
of the molded piece. To assure the 
appearance of this edge grain on the 
desired surface of the piece, the thick- 
ness of the sheet from which blanks 
are to be cut should be given as the 
last dimension and specified in decimal 
fractions of an inch. 

When transparent or translucent col- 
ors are used, the density of the color 
relative to the section thickness of the 
molded piece is an important consider- 
ation. Color samples show the plastic 
in four steps of thickness in a single 
piece, approximately 0.200, 0.150, 
0.100, and 0.050 in. If the color of a 
thin molded part is to match as closely 
a possible that of a relatively thick 
one, these samples will assist the de- 
signer in determining whether a denser 
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color may be required for the thin part. 

If a translucent molded piece is to 
be placed against dark or light uphols- 
tery, wood, or metal, a different color 


density or even a different color may be 
necessary. Holding the color samples 
against the background which will be 
used will aid in selecting the right 
color density. 

It is generally undesirable to use 
translucent colors denser than is neces- 
sary since it is the depth of color which 
gives acetate its “life.” Often a core 
or stamping over which Tenite is in- 
jected or assembled subsequent to 
molding is painted a harmonizing shade 
to preserve the depth of color in the 
plastic and yet hide the insert. 


In the new portable Philco radio, 
styled along camera lines and carried 
with a shoulder strap which conceals 
the aerial, the main objective of the 
engineers was to obtain color, light 
weight with strength, and sales appeal. 


First developed in metal, the design 
was changed to plastic when it was 
found that acetate-butyrate had good 
impact strength and practically unlim- 
ited color possibilities. Production 
costs were reduced by injection-molding 
and the elimination of finishing opera- 
tions. With this material, Philco was 
also able to match a color that they 
previously had found to have excellent 
sales appeal. . 
Basically, the appearance of the radio 
resembles a portable camera. The case 
is made in two halves. Since this plas- 
tic is dimensionally stable, it was pos- 
sible to fit the lower half of the housing 
to the upper half with tongue and 
groove joints, molded in. A hinge and 
locking joint is provided at one end by 
a metal clasp which is crimped over the 
plastic; projections on the other half 
of the housing fit into this. The latch 
at the opposite end was especially de- 
veloped for this job, and resembles a 
conventional design of folding camera 
latch, having a sliding piece, which 












locks over two plastic studs integral 
with the plastic housing. The metal of 
the latch is riveted through the plastic. 
The compact radio circuit assembly 
is attached to the plastic housing with 
Parker-Kalon _ self-tapping hex-head 
screws. Here again, advantage was 
taken of the resiliency and strength of 
butyrate. Knobs are also butyrate, and 
are molded to a thin strong section. 
Thin sections on the knob were neces- 
sary so that clearance could be pro- 
vided for the hex-head mounting screws. 
The mottled plastic housing is 
trimmed with squares of leatherette 
pyroxilin-coated fabric. These squares 
come already blanked and coated with 
adhesive. Not only do they add to the 
appearance of the finished product but 
they also serve to conceal any uneven 
mottles which might appear on the 
broad flat surfaces. This cuts down the 
number of rejects and speeds produc- 
tion. The housing is molded in a two- 
cavity mold in a two mjnute cycle by 
the Thermoplastic Division of the 
Standard Preducts Company. Com- 
pletely asseniBled, the radio weighs 5 
lb. 334 oz. including the strap aerial. 
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One of the largest single thermo- 
plastie units ever injection-molded is 
the housing of the new portable regis- 
ter designed by United Autographic 
Register Company. The shell is 14 in. 
long, 734 in. wide and 4 in. deep and 
weighs, including its metal reinforce- 
ment, 1 lb. 14% oz. 
molded around a 2 in. wide metal band, 
drawn and pierced to a high degree of 
accuracy in a press. The metal band 
which reinforces the housing is held in 
place by flow of the plastic through 
punched holes, which gives a riveted 
effect. A supporting bridge is spot- 
welded to the metal band. Plastic 
ribs, molded into plastic shell crown, 
are located to give maximum support 
and strength as determined by drop- 
ping tests. The metal band is 0.05 
in. steel; the plastic housing is 0.078 in. 
thick. The housing is molded by Sinko 
Tool & Manufacturing Company. 
Cellulose acetate-butyrate was used 
for this application because it has good 
impact strength, and because it is di- 
mensionally stable, important when it is 
considered that unequal expansion of 
the plastic and the metal shell is un- 


The housing is 


desirable. As mentioned 
this stability stems directly from the 
material’s low moisture absorption. 
With reference to impact strength, the 
housing has withstood dropping tests 
from a height of nine feet. 

Since this is a thermoplastic acetate 
material, an unlimited range of colors 
is always available; thus a change in 
appearance can be made at any time 
without any production difficulties. 
Using acetate material a thin, metal 
reinforced, injection molding could be 
produced in a two minute cycle; a 


previously, 


heavier compression molding would re- 
quire a twelve to fifteen minute cycle, 
and thickness would have to be in 
creased. The housing would be less 
flexible, the range of colors more lim- 


ited, and production costs higher. 

Previous models and larger models 
of this register had the shells stamped 
from metal, then enameled or japanned. 
The plastic shell is estimated to cost 
about ten per cent less than the metal 
shell. Scratched or damaged places are 
easily buffed out with no effect on the 
color. Housing is smooth and warm to 
the touch and has modern appeal. 
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Eighteen colors, available for cus- 
tomer choice at a minimum of produc- 
tion cost, are obtained in the new 
Mueller shower nozzle by designing for 
injection molding the main parts of 
acetate-butyrate. Thus not only were 
metal castings and chromium plating 
processes practically eliminated, but 
color changes were made feasible with- 
out disturbing production schedules un- 
duly. The valve is easily cleaned and 
will not chip or discolor. 

After preliminary studies of the de- 
sign had been made, and injection 
molded plastic had been decided on, 
selection of the type of plastic was 
based on physical characteristics avail- 
able. Tenite II had low water absorp- 
tion, strength to resist impact and to 
permit threading thus eliminating metal 
inserts. 

This acetate-butyrate plastic has 
enough inherent toughness to retain its 
molded shape on tightening of rims 
and disk. The low shrinkage character- 
istics of this plastic allowed close toler- 
ances on threads, ring and disk serra- 
tion, and provided a smooth valve seat 
which did not require machining. In 
addition, the hard smooth surface re- 
sists abrasion and discoloration from 
water impurities. 


In the new deVilbiss laundry 
spray gun considerable thought was 
given to the material to be used. Pro- 
duction quantities eliminated consid- 
eration of a sand-casting, weight pre- 
vented the use of a solid brass casting 
for the body. Choice finally narrowed 
down to an aluminum die-cast or plas- 
tic body. The aluminum die casting 
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seemed acceptable for production, 
weight and appearance, especially since 
the body could be anodized and colored. 
A solid plastic body was not used be- 
cause of lack of strength, thickness of 
section and water absorption tenden- 
cies. The final design is a light zinc 
die casting forming a strong metal 
skeleton to carry the water passages 
and operating mechanism and also pro- 
viding the necessary backing for a light, 
plastic cover. To prevent corrosion, the 
zinc die casting was given a flash of 
bright nickel plate on the outer surface 
and the water passages a coat of baked 
Glyptal varnish. The die cast frame or 
insert is machined and completely 
assembled then sent to the molder who 
applies the plastic body and returns it 
for final finishing. Bodies are molded, 
in two halves, dowels on one-half and 
sockets on the other insure proper 
mating. The two halves are assembled 
over the insert and joined by an ace- 
tone cement. 

The decision between an aluminum 


die casting and a plastic covered zinc 
die casting was influenced entirely by 
costs as it was assumed that either 
would be satisfactory from the stand- 
point of appearance and weight. While 
the die cost for the aluminum die cast- 
ing was considerably less than the com- 
bined costs of the molds for the zinc 
die casting and the plastic halves of the 
cover, the lower cost of the plastic 
assembly more than made up the differ- 
ence. This difference is mainly the cost 
of polishing and anodizing the alumi- 
num die casting. The plastic parts come 
from the mold with the color and lustre 
of the finished article without further 
operations. Tenite II was chosen as the 
plastic because of its color, lustre, flexi- 
bility and resistance to breakage by 
impact. 

Although performance, appearance 
and convenience have been improved 
over the previous model, the new gun 


costs less, has been reduced in weight 
from fifteen to seven ounces and has 
an attractive modern appearance. 








REDESIGNING DIE CASTINGS 


To Save Needless Expense 


HERE are many general rules 
for the design of die castings. and 
the designer is likely to disregard 
certain of them or to overlook details 
tending to increase the cost of the die, 
the casting, or both. The examples 
shown here clarify certain fundamentals 


Simplest and least expensive 

to make the die for this piece is to part 
it in the vertical plane through the axis 
of the larger tube. Although a horizon- 
tal core slide is required to pull the 
core from the larger tube, the cores for 
the tubes at right angles to the larger 
tube are formed by fixed pins. As origi- 
nally designed, this casting had a 
V-shaped bridge cast integrally, as 
shown in Fig. la. This made it neces- 
sary to provide two cores and slides at 
odd angles in order to form the under- 
side of the V-bridge and a third core 
and slide to form the remaining void 
above the bridge. By forming the bridge 
with a central boss for a hole, Fig. 1b, 
and casting the V-shaped bridge as a 
separate piece which could be fastened 
by a single screw through the boss hole, 
the entire recess within the flared por- 
tion was formed by a single straight- 
draw core. 

This example gives point to the gen- 
eral rule: Wherever possible, minimize 
the number of cores requiring separate 
slides, and especially those which must 
be withdrawn at odd angles. 


Handle has two shallow grooves along 
its U-shaped contour. They are for dec- 
oration and probably receive recessed 
stripes of enamel. Originally the grooves 
ran off the ends of the piece, where flash 
occurred, Fig. 2a. Special shaped tools 
were required to remove this flash and 
left sharp corners likely to tear the buff 
used before plating. By stopping the 
groove ;s in. short of the ends of the 
piece, Fig. 2b, the ends have rounded 
contours. This simplifies fin removal as 
the fin is easily ground off. Unsightly 
corners also were avoided. 

The original design violated the rule: 
Avoid sharp corners at die partings, 
especially where flash removal will re- 
quire special tools and may leave an 
unsightly jagged edge. 
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which the designer may well bear in 
mind—rules are not always apparent 
when they are stated only as generaliza- 
tions. Attention to the savings effected 
in particular cases will help to avoid 
types of construction which tend to 
make costs higher than necessary. The 


Die-cast as separate piece 
\ 


Chief Engineer, Schultz Die Casting Company 


changes specified in these examples 
were suggested to the designers by die 
casters. All the examples shown in this 
article refer to actual designs of zinc 
die castings, but the principles involved 
can be applied to die castings of any 
other alloys. 


Bridge cast integrally 
in original design ~ 


_--- Cored hole 
tor attaching 


bridge to 


mounting 


Redesigned bridge mounting 
eliminates two core slides 


Expensive trimming dies 
eliminated by stopping 
grooves Vi in. short of ends 


Mt, 
My, 
\\ 
Ww, 
AN 
y 


wiih \ 


TTT NAAAAAAAAARAA AA: 
J; MARANAN: 


I 
' 
‘ 
I 
I 
I 
I 
‘ 
I 
I 
I 
‘ 
I 
I 
I 
I 
I 
‘ 
I 
I 
I 
I 
I 
I 
I 
i 
\ 


AAAALAUUOUUUNUU AUNDE OUDE HN GG 
UUT T 


E 


->T 


TT 


Parting 
plane 


seein 


TTT TTL YE 


Special tools originally 
/ required to remove 
flash here 
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Section A-A 
FIG. 3a 








Original design of this casting had 
a groove along each side to fit a rod 
fastened by a metal clamp, Fig. 4a. To 
cast the grooves required slides in the 
die, or parting the casting in the central 
plane parallel to the rods and making a 
sliding core to form the central recess. 
A simpler solution was to remove the 
undercut by eliminating the lower lip 
forming one side of the groove and to 
alter the shape of the stamped strap, as 
shown in Fig. 4b. This permitted the 
piece to be cast in a simple die which 
parted at the face of the casting. The 
changes in the straps did not change 


their cost appreciably. The cost of die X 


casting was approximately halved, partly 
because of savings in flash removal, and 
the die cost was about one-third as much 
as a die with slides. 


These holes requiring separate 
die-casting gores were present 
in original sand casting 


By redesigning, cores for 
holes were made integral 
with lower half of die a 
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Section A-A 
FIG. 3b 


FIG. 4a 


Undercut in die- 
casting necessitated 
slides in die 





In this handle, original design called 
for a pair of grooves around the contour 
which ended near the rear boss. A cast- 
ing of this shape would require parting 
the die as in Fig. 3a, and there would 
be flash in the grooves and across the 
flat top and bottom faces where it would 
be difficult to remove without leaving 
blemishes. By altering the design, Fig. 
3b, it was possible to part the die 
through the horizontal mid-plane of the 
piece so that the flash came at a convex 
contour where it was readily removed 
either by a shaving die or by polishing. 
This design saved on die and piece cost. 
As a general rule: Design the 
piece so that die partings will come at 
convex surfaces, preferably on contours 
which can be shaved and polished. 


_ Undercut avoided by eliminating 


-< lower lip and changing shape 


of stamped strip 





In original sand cast sample of 
this piece the two lugs were cast open 
at the sides, as shown in Fig. 5a. To do 
this would have required side cores with 
slides and would have resulted in flash 
in the oblong openings. Fig. 5b shows 
the redesign with the lugs cored out 
from below. Holes subsequently tapped 
at the top of the lugs are cored to tap- 
ping size, no extra operations for flash 
removal being required. Although the 
piece requires an irregular parting line, 
because of the upward sweep of the ex- 
tended arm, it is well designed. Section 
thickness is kept relatively uniform by 
using cores which, except for the two 
for the holes noted, are integral with 
the die blocks. 

One of the rules followed in design- 
ing these castings may be stated: 
Wherever possible, form holes and 
recesses by using integral or fixed cores 
which are parts of the die blocks, espe- 
cially where this saves metal and pro- 
motes uniform section thickness. 

(Continued on next page) 
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Irregular parting line, indicated by the dotted line, 
Fig. 6a, is required in the die casting of this piece. After 
casting and removal of fins the pointer is formed to the 
curve indicated in the sketch as this simplifies the die 
and the fin removal tools. If the design were modified to 
the shape shown in Fig. 6b, with the hole at right angles 
to the face of the pointer and the flange at the top, a flat 
die parting could be used and the die cost and flash 
removal tools would be materially less. It would, of 
course, still be possible to bend the pointer after casting. 
Using raised letters also saves money as a raised letter is 
produced when the letter itself is engraved into the die 
surface. On the other hand, to cast sunken letters re- 
quires raised letters on the die, which cost more. To 
avoid difficult tooling when the engraving is located in 
a deep recess of the die it is common practice to do 
the engraving on the end of a bar or block. This bar or 
block is then set into the die. This practice can be 
followed in applying trade marks, numbers, assembly 
instructions, and even complicated wiring diagrams. 
Any marking of this kind should be on a surface where 
the lettering or figures do not constitute an undercut. 


Porosity in a die casting is likely to be most pro- 
nounced in thick sections. In drilling through such sec- 
tions, the drill may be broken or the hole thrown out of 
line if the drill runs into a void. This difficulty was en- 
countered in the carburetor part shown here, Fig. 7a, in 
which three fairly long holes of small diameter had to 
be drilled as indicated by dotted lines. Originally the 
two arms of the casting were made with thick sections in 
which pores caused drill breakage. By altering the die, 
Fig. 7b, so that the sections were made only thick enough 
to give the required wall thickness around the drilled 
holes, diffculty with porosity was avoided. 

The rule to follow in such cases might be stated: 
Design sections as thin and as nearly uniform in thick- 
ness as conditions permit; in particular, avoid thick 
sections where drilling is required. 


Undercuts are not always avoidable and may, in 
fact, result in cost reductions, as in this carburetor body 
casting, Fig. 8. Produced in large quantities, savings in 
metal justify an expensive die with slides to form several 
undercuts on external surfaces to obtain uniformity of 
section thickness and savings in machine work. The die 
is parted on the top face of the casting. The front half 
of the die carries fixed cores which form the major 
recesses, namely, the bowl A, the upper portion of the 
tube B, as well as the recess above it, and the well D. 
Other fixed core pins in this half of the die also form 
several of the small holes shown in the top view. In the 
other half of the die are fixed cores which form the pas- 
sages and other smaller holes. Side walls of the die 
cavity are formed entirely by the shaped ends of two 
slides, one of them carrying core pins and both designed 
to form recesses constituting undercuts. These slides 
form the exterior surfaces of the tube as well as other 
faces, some of which are in recesses, thereby saving a 
great deal of metal, which would be required if the 
recesses were not formed. There is, of course, consider- 
able flash where cores come together, as indicated by 
dotted lines. Little of the flash comes in recesses and in 
some cases a small bead is formed at the partings, as at 
G, which raises the flash above surrounding surfaces. 
Most of the smaller holes are cored, some to consider- 
able depth, and relatively little drilling or other ma- 
chining is required to finish the holes. 
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Piece as originally 
die-cast 


~- Formed. 
after casting 


Redesigned for 
flat die parting 


\ 
Porosity in thick sections 
caused trouble in drilling 


Redesigned piece is cast 
with thin sections 
which reduce porosity, 


Parting indicated 
by dotted lines ~~. _ 
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Question and Comment 


“Philosophy of Design” Should Not Convey 
Impression That All Designs Are Imperfect 


E. W. ROBERTS 


designs before it is ready for the mar- 
ket. With such an idea in his mind, 
the designer is encouraged to careless- 
ness. It reminds me of a remark made 
by a chief draftsman to a designer who 
expressed concern as to the practicabil- 
ity of a design he had worked up. 

“Don’t let that worry you,” the chief 
told him. “That’s what we have an ex- 
perimental department for. Let them do 
the worrying.” 

In the course of my 45 years as a 
designing engineer, I have designed 
over 100 internal-combustion engines, 
and some 50 special machines. The 
latter were chiefly for work formerly 
done by hand. Every one of these ma- 
chines and engines went into produc- 
tion without the alteration of a single 
detail. The reason for such a record 
is that the development was done on 
the drafting board. 

Don’t get the idea that these designs 
incorporated only tried and tested 
mechanism. For example: In my first 
airplane engine, a two-stroke, I used a 
rotary tubular valve instead of the cus- 
tomary third port to control the admis- 
sion of the charge to the crankcase. To 
secure lightness I made the cylinders of 


i Cincinnati, Ohio ters the diameter of the rivet. All essen- 
tial dimensions are given on the sketch. 

i I wish to enter a protest against an frame and the body. I made but one —James O. G. GIBBONS 

i impression created in the article “Phil- change. The throttle and the spark Bloomfield, N. J. 

osophy of Design” by C. M. Ashley in levers at the base of the steering column 

! your October number. l interfered, and I had but to bend them Modifies Statements On 

Whether the author meant it that to get proper clearance. 
way or not, it conveys the impression My purpose in writing this account is Aluminum Spot Welding 
; that no machine can be developed with- to show that a machine or a device can 
i out extensive changes from the original be developed to completion in the draft- To the Editor: 


ing room. In commercial designing this 
is just what the client expects. If the 
machine does not work as expected, 
they consider the designer does not 
know his business. 


Blind Riveting Method 


To the Editor: 

The accompanying sketches show a 
method of blind riveting suitable for 
rivets 1⁄ in. in diam. or less. Although 
this method is not new, it is not weil- 
known and may be of interest to the 
readers of Propuct ENGINEERING. 

The method can be used for riveting 
a plate or other part to a casting or 
forging and obviates the necessity for 
tapping. It can also be used as a simple 
method for plugging holes. 

The sketches show the rivet and the 
stages of the riveting operation. The 
ball used with the rivet is a standard 
hardened steel ball and its function is 
simply that of an expander. This 





suggests that if a ball is not available 
some other expander such as a steel 
wedge might be substituted. 

The hole for the rivet should be 
drilled for a fairly easy drive fit. Diam- 
eter of the ball should be three-quar- 


There are a few statements set forth 
in the article, “Spot Welded Aluminum 
Aircraft Structures,” (Propuct Enetr- 
NEERING, September, 1940, p. 388-392) 
which do not agree with actual practice 
at this plant. 

For example, the statement on page 
390 that the “welding pressure varies 
directly and proportionally as the thick- 
ness of sheet which is contacted with 
upper electrode” is not borne out by our 
experience. The ratio of tip load to 
sheet thickness becomes smaller the 
heavier the sheets, and where unequal 
thicknesses are welded the tip load is a 
compromise between the tip loads for 
the individual sheet thicknesses, favor- 
ing the thinner gage. 

A further assertion, also page 390, 
that unequal sheet ratio should not 
exceed 3 to 1, may be modified in the 
light of our experience. The ratio may 
be increased considerably as long as 
the welder is capable of concentrating 
current through the thinner sheet. For 















































solid aluminum castings. These engines, Uy 
just as they were first designed, went Sx YY 
out and flew the awful “crates” of those ‘SQ WY DE 8 HOH ywY 
early days (1911) all over the country. d” WY UY Yj 
No changes were made until after the SS A pR 
first 100 engines had been sent out. $< UY 
| Then the changes were minor, such as Ly Vj 
| making the cylinders of an iron shell X, ALY 
with an aluminum jacket shrunk on. UY} @) 
On my first automobile, designed kL, f a 





some forty years ago, I designed every 
item except the wheels and the axles. 
a These included the engine, the transmis- 
sion, the steering column gear, the 
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example, 0.032 and 0.187 gage 24ST 
Alclad sheets were quite easily welded 
when the sharp electrode was placed 
on the 0.032 sheets. This relation would 
have produced no weld even with double 
the power if the tips were reversed. 
The statement that spot diameter is 
a direct indication of spot strength is 
correct only when qualified as referring 
to a given spot quality. The metal- 
lurgical properties of the spot itself 
and, to a greater extent, the degree of 
annealing of the surrounding parent 
metal are the real criteria of spot 
strength as demonstrated in practice. 
—P. H. Merriman 
Glenn L. Martin Company 


Put Nameplates So They 
Will Be Seen in Photos 


To the Editor: 


Name plates have more sales value 
if placed on the machine not according 
to design logic but according to photo- 
graphic possibilities. Often enough a 
name plate is set where it harmonizes 
best with other parts of the machine, 
giving it a drawing board attractiveness. 
But the headstock cover of a lathe, for 
example, is not the best place for the 
name plate. The tool carriage is a bet- 
ter location because it features in more 
photographs, since publication photo- 
graphs are generally cropped to include 
only point of interest. —-ALLEN FIsKE 


Chicago, Ill. 


“How Deep The Pond” 


To the Editor: 


In the September, 1940 number of 
Propuct ENGINEERING, page 422, there 
appeared a mathematical problem by 
H. E. Smith, entitled “How Deep the 
Pond?” The solution to this problem, 
as worded here, is, I believe, 17.5 ft. 

The problem is again stated in the 
November number, reworded to the 
point where its original meaning be- 
comes obsolete in terms of the answer of 
17 ft., which satisfies a condition quite 
unlike that originally suggested by the 
problem as it appeared in your Septem- 
ber number. Both problems, apparently 
intended as one and the same, describe 
in reality two very different situations 
and naturally each has its own par- 
ticular solution. —HArRoLD S. LOVELESS 


Pitney-Bowes Postage Meter Company 


[Editors Note—Right, Mr. Loveless! 
The phrase “on the surface,” referring 
to initial position of the blossom, should 
have been left out of the original state- 
ment of the problem. Correct answer 
then is 17 ft. deep.] 
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Submits Solution To 
Rope Tension Problem 


To the Editor: 


In Propuct ENGINEERING for June; 
page 276, Mr. S. H. Welland presented 
a problem where a cord is wrapped four 
times around two parallel shafts. The 
cord supports a load of 10 lb., and Mr. 
Welland wants to know the tension in 
each succeeding wrap and the force 
necessary at the slack end to balance 
the 10-lb. load. Coefficient of friction, 


p, is 0.20. Fig. 1 is a restatement of this 
problem. This is a problem which does 
not deteriorate with age, so I am sub. 
mitting this solution. 

Fig. 2 is an enlarged view of the con. 
dition existing in the cord as it passes 
around one of the shafts. Let there be a 
decrease in tension of dT in the arc in- 
cluded by the angle dé. It can be seen 
that the normal force on the rod js 
expressed as follows: 


n= (sia $) T+ (i $) (T — dT) 


but since dô is small, 
do _ do 


sin —— = 


2 2 


n= T+T -ar 


and 


The term in the brackets is of a higher 
order and thus can be dropped, giving 


n = Tdo 
and the force of friction is u T dô. 
Therefore dT = — u T d0 


TaT T: 
J =f 180 = mF = = 0 


where T, 


0 
T = Ti e 70 = on 


p = 0.20 
0 = angle in radians 
“The above is the familiar formula for 
the tensions in the tight and slack sides 
of a belt. By applying these formulas 
the required number of times, the ten- 
sions in each succeeding wrap are found 
to be: 10 1b., 7.31 1b., 3.91 1b., 2.08 1b., 
1.116 1b., 0.596 1b., 0.318 1b., 0.170 1b., 
0.091 lb., and 0.048 lb. The force then 
necessary to balance the 10-lb. weight 
is 0.048 1b. —Evan W. Evans 
Los Angeles, Calif. 


Can You Work This One? 


H. E. SMITH 


This month’s problem— 


Quickest Way Home 


An engineer is fishing from a row- 
boat anchored five miles out from a 
straight stretch of shore. If he should 
row directly in to shore, he would then 
be 20 miles from his summer cottage 
in a small fishing village. He can aver- 
age three miles per hour by rowing 
his boat, and can walk five miles per 
hour. Like most engineers he is very 
efficient, so he figures out a way to 
get home in the shortest possible time 
by rowing at a diagonal to the shore 
and walking the remainder of the way. 
In so doing, how far does he row, how 
far does he walk, and how long does it 
take him to arrive at his cottage? 


Solution to November problem— 


Author! Author! 


In last month’s problem six authors 
were seated in a railway compartment. 
We were told their names and what 
they wrote, not respectively, and that 
each was reading a book by one of the 
others. From the facts given, we were 
asked to classify each of the authors 
and tell what he was reading. If we did 
it right, we found that: 

Mr. White is an essayist, reading 
history. Mr. Brown is a poet, reading 
a novel. Mr. Green is an humorist, 
reading a play. Mr. McGillicuddy is 
an historian, reading humor. Mr. Gray 
is a playwright, reading poetry. Mr. 
Black is a novelist, reading essays. 
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Engineering Training for National Defense 


Now Getting Under Way in Colleges 


Government’s $9,000,000 grant offers opportunities to technical men 
who wish to prepare for greater responsibilities in defense jobs 


UNDER THE IMPETUS of the National 
Defense Commission and the United 
States Commissioner of Education, 
plans are now being completed and 
in some cases have already gone 
into effect for the widespread training 
of technical men in special college day 
or evening courses designed to up-grade 
and prepare them for specific defense 
needs. Although these plans have not 
yet completely crystallized, they are 
now definite enough to serve as a guide 
for interested industrial concerns. or 
engineers. 

Courses, offered tuition-free under 
the recent $9,000,000 grant of the gov- 
ernment, will be of two types for men 
with some technical training or prac- 
tice: full-time courses requiring about 
40 hours per week and lasting for a 
few months, and evening courses re- 
quiring about 15 hours a week. These 
courses not only can prepare a man for 
a defense job in a field outside of his 
present work, but also can prepare him 
for higher responsibilities which the de- 
fense program may impose upon him in 
his present job. These courses will be 
offered by selected engineering schools 
throughout the country. 

Courses will specifically approach 
engineering problems relating to the 
defense program. The National De- 
fense Commission, the Office of Educa- 
tion, and the engineering schools 
participating in the program are co- 
operating with local industries to 
determine just what courses of study 
are needed most. Washington sources 
reported that first suggestions offered 
by colleges had to be revised because 
the courses outlined were too academic 
and were not aimed directly at the 
defense training problem. Programs 
such as those used by Glenn L. Martin 
and Lockheed, where training is given 
for definite jobs rather than for sketchy 
and general teaching, may lead to fur- 
ther improvements in the plan and may 
result in a plan where employees are 
given special courses in the plant and 
on the job. 


Greatest need at the moment is train- 


December, 1940 





ing to provide men for: 

Inspection of materials, chemicals 
and explosives, instruments, and power 
units, especially for ordnance and air- 
craft. 

Design of machinery and equipment, 
tools and dies, and aircraft power 
plants, structures and instruments. 

Production engineering and super- 
vision. 

Physical metallurgy. 

Marine engineering and naval archi- 
tecture. 

Up to now very little is known as to 
how many men will be needed and for 
what jobs they will be required. In 
fact, except for requests for several 
thousand inspectors in chemical and 
armament plants, no needs have been 
definitely determined. Some engineering 
schools have organized committees to 
contact local defense industries in order 
to determine the requirements and pro- 
vide a sound basis for outlining study. 

The country has been divided into 
twenty districts, for each of which a 
district adviser has been appointed. 
The district advisers, capable men ac- 
ceptable to labor, industry and local 
committees, work under the direction 
of J. W. Studebaker, Commissioner of 
the U. S. Office of Education, in close 
cooperation with the engineering 
schools and the defense industries in 
their localities. 

Persons interested in the program 
are advised to contact the nearest ac- 
credited engineering college, the engi- 
neering school from which they received 
their degrees, or the Engineering De- 
fense Training Division, U. S. Office of 
Education, Washington, D. C. Men 
accepted for the training will be 





A complete index for 1940 
follows page 586 of this Decem- 
ber number. Keep it in mind for 
occasions when you want to look 
up something you’ve seen some- 
where in Propuct ENGINEERING. 


ews and Summaries 





selected from the applicants by the 
colleges, or will be chosen by their 
employers for specific study. It is ex- 
pected that some colleges may contact 
former students to fill requirements. 


A person finishing a prescribed 
course will immediately qualify for 
Civil Service examinations in the field 
for which he studies. Whether or not 
he receives credit toward a degree de- 
pends upon the individual school. As 
to whether the standing of a person 
under the Selective Service program 
will be affected by these courses, this 
is a matter for the local draft board 
to decide. 

Although many of the courses out- 
lined in this article are open to high 
school students, they are principally 
designed to increase the technical abili- 
ties of men with the equivalent of three 
or more years of engineering education. 
An additional $43,000,000 has been ap- 
propriated by the government for the 
training of skilled labor to fill the 
thousands of jobs now going begging 
in defense industries. 


New Alloy Discovered 
For High Temperatures 


HIGHER operating temperatures and in- 
creased efficiency for steam turbines 
may be made possible by a new iron 
alloy containing small amounts of 
columbium, a previously unimportant 
metal, announced E. R. Parker of Gen- 
eral Electric Research Laboratories, at 
the annual meeting of the American 
Society for Metals. Tensile, creep, and 
rupture tests indicate that an alloy of 
iron containing 3 per cent of colum- 
bium is superior to expensive steels now 
used at high temperatures and high 
stresses. 

Special steels are now available for 
turbines operating at today’s highest 
temperatures—about 1,000 deg. F. At 
temperatures of 1,100 deg. F. and above 
the strongest metals are not the carbide 
steels so successfully employed up to 
this temperature, but rather are alloys 
containing a finely dispersed stable 
phase, such as the iron-columbium com- 
pound in the columbium alloy. Steel 
alloys with high molybdenum, tungsten, 
vanadium content would be very expen- 
sive at the higher temperatures. 
Columbium-iron alloys have been pro- 
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duced in the laboratory by mixing cor- 
rect proportions of powdered metal, sin- 
tering them, and swaging the fused 
mass into a metal capable of being 
heat-treated and machined. The alloy 
has also been cast and forged with 
equal success. Considering cost, ease 
of production, machineability and other 
properties, columbium-iron alloy has 
been found to be far superior to other 
known high-temperature alloys. 


N.Y.U. Announces Course 
In Research Management 


RAPID DEVELOPMENT of industrial re- 
search, combined with its growing im- 
portance in the national defense pro- 
gram, has led to the opening of the first 
course in the country in research labo- 
ratory management, it was recently an- 
nounced by New York University Col- 
lege of Engineering. This course, per- 
haps the forerunner of similar courses 
throughout the country, will consist of 
sixteen evening lectures given by mem- 
bers of the college faculty, executives 
from industry, and the National Re- 
search Council. 

“It is estimated that there has been 


A 12-year step forward was taken 
by motor manufacturers last month 
when the first motors built under the 
revised N.E.M.A. frame dimension 
standards were checked off the assem- 
bly line. N.E.M.A.’s official blessing on 
improvements made in silicon 
and insulations made possible the first 
major changes in small motor construc- 
tion since the original standards went 
into effect 12 years ago. Two leading 
manufacturers are making the most of 
the occasion by incorporating many 


steels 
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a 100 per cent increase in the number of 
research laboratories established since 
1927, with relative increases in person- 
nel and expenditures,” Dean Thorndike 
Saville said. “These facts have caused 
problems of management, administra- 
tion and accounting in a branch of in- 
dustry which heretofore has been com- 
paratively simple in administrative or- 
ganization.” 

Outline of the course has been 
planned in cooperation with an advisory 
committee of industrial research execu- 
tives, headed by Maurice Holland, 
director of the Division of Engineering 
and Industrial Research of the National 
Research Council, who suggested the 
course. 


Leather Belting Standards 
Recently Drawn Up 


DraFTS of the proposed “American 
Standard for Specifications and Horse- 
power Ratings of Vegetable-Tanned 
Flat Leather Belting? have recently 
been completed and are now being dis- 
tributed for criticism and comment to 
all industries concerned with leather 
belting. These standards, set up by a 


other improvements and introducing 
motors whose sleek appearance is in 
sharp contrast to previous sway-backed 
models. 

General Electric’s completely new 
Tri-Clad polyphase induction motors 
(left) feature increased protection by a 
cast-iron frame, Formex wire, Glyptal- 
coated windings, improved dust-tight 
bearings and lubrication, and rede- 
signed air deflectors and fans for 
double-end cooling. Rotor is of cast 


aluminum. All openings in end shields 


committee organized under the proce. 
dure of the American Standards Asso. 
ciation with the American Society of 
Mechanical Engineers as sponsor and 
the engineering committee of the Amer. 
ican Leather Belting Association as 
collaborator, are expected to be of 
much help in the reconditioning of old 
machinery and the installation of new 
machinery using leather belts during 
the retooling period of the national de. 
fense program. 


Do You Know That— 


ENGINEERING AND DEVELOPMENT age- 
counted for 10 per cent of the gross 
1939 income of one aircraft manufac. 
turer. Considering the money spent on 
research by engine and accessory manu- 
facturers, this percentage must neces- 
sarily be much higher. (33) 


OIL CUPS FOR MACHINES have been 
molded from canvas impregnated with 
a synthetic rubber solution. (34) 


ĪF SOYBEAN OILMEAL cost only $15 
per ton, present processes would make 
it feasible to produce bulk plastics at 
a price below wood. (35) 


and frame are below the centerline. 

Westinghouse simultaneously an 
nounced new compact a.c. polyphase, 
single phase and d.c. motors, first of 
which is shown at the right in com 
parison with an older model of similar 
rating and electrical characteristics. 
Frames from 1% to 3 hp. have been re 
designed for lightness, compactness, 
and better appearance, and a new 
bracing structure gives them more 
strength. Bearing housings have im 
proved dust seals. 
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“Emergency” engineering will 
bring out many developments that will 
be useful in post-war peace time. Among 
them: reduced price of aluminum; pre- 
fabricated housing; mass production of 
airplanes which may bring the price 
within reach of average means; many 
new uses for plastics; higher octane 
gasoline for automobiles; production of 
synthetic rubber; establishment of a 
tin-smelting industry; greater use of 
magnesium which will release more 
aluminum for more uses; increased pro- 
duction of ammonia for fertilizer; re- 
vitaminization food, replacing vitamins 
which are lost in processing; reduced 
price of high alloy steels. 


Bomb-sight fables have gone the 
rounds but here is the approximate 
truth. “The” bomb-sight is a myth. 
The Army has one, the Navy has a 
different one, and there are variations 
in designs of both. News reports that 
the Government has released an “out- 
moded” model of “the” bombsight, are, 
therefore, untrue. What the British got 
was the Army’s latest sight which is 
manufactured by Sperry Gyroscope 
Company. It is more accurate than 
any other sight but it is not fabu- 
lously better, as gossip says. Sperry 
will make some of the sights for Britain, 
but probably will have most of them 
made by other firms in precision lines. 
The British may build some of their 
own. Incidentally, the Germans have 
four different bomb-sights. The British 
have taken them all from planes 
brought down intact. You can assume, 
also, that the United States Army has 
them. "Tis said that Sperry sights used 
by the British will be equipped with 
little bombs which would destroy them 
at the will of the pilot or when the 
ship crashed. 


“Pointed boxes” js how the British 
dubbed a hurry-up ship design which 
they proposed to build in a shipyard 
which they would finance in this coun- 
try. As this was written, the British 
ship mission had not come to a decision 
with our Government. If they build the 
plant, it will have 28 ways. The ships 
would be designed to conserve skilled 
labor, and for speed of construction. 
They would be little more complicated 
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than powered barges. Parts would be 
fabricated with broad tolerances in all 
manner of American factories and sent 
to the yard for assembly. Common 
labor with wrenches and rivet hammers 
and a skilled man with a blueprint 
would do most of the work. All kinds 
of power plants, anything that would 
churn up a few knots, could be used. 


Plans for houses may be drawn by 
industrial designers rather than archi- 
tects in the next few years if the men 
in charge of the defense housing pro- 
gram get their way. It looks as if houses 
prefabricated in factories would get 
their first real test on a mass produc- 
tion scale. What makes prefabrication 
attractive right now is the fact that 
houses bolted up from panels can just 
as easily be unbolted and moved some- 
where else when the emergency is over. 
Housing coordinator Palmer would like 
to build as much as $150,000,000 worth 
of prefabricated houses. Trouble is, 
there are not at present any manufac- 
turers able to supply house elements in 
real quantity. 


Spook stuff, now and then, is relished 
by the most technical men. Aircraft 
flying at high altitudes over England 
are making white sky trails. These are 
not only attested to by competent ob- 
servers, but are shown in photographs. 
There are two phenomena: the wing-tip 
trail, and another coinciding with the 
slipstream, which is therefore helical in 
shape. Observation tends to prove that 
the sky trails are not formed by exhaust 
gas; at times long breaks occur. If we 
find out the answer we'll let you know. 


Some good airplanes may be pretty 
completely re-designed as a result of 
the new plan to have auto firms build 
parts and sub-assemblies for aircraft. 
The Defense Commission is trying to 
make up its mind whether to concentrate 
on immediate production, in which case 
the Detroiters would simply copy plane 
factory methods, or to work towards a 
maximum ultimate capacity. In the lat- 
ter case, the airplanes to be built would 
be revamped to adapt them to auto plant 
methods. Widespread substitution of 
welding for riveting is one change 
talked of. Another is to use stainless 


steel instead of aluminum sheet. This 
would avoid a possible shortage of alu- 
minum, would be closer to metals the 
auto builders are familiar with, and 
would eliminate the elaborate heat treat- 
ing that aluminum requires. 


Navy arehiteets and strategists of all 
seapowers are reflecting seriously on 
damage done by RAF to three Italian 
battleships at Taranto. It is generally 
agreed the attack was made with aerial 
torpedoes, which are slung underneath 
the plane, aimed and dropped from a 
few feet above the water. Wrecking of 
a $100,000,000 weapon with one costing 
about $100,000 or less is something for 
war experts to think about. Britain, 
depending heavily on sea power, is now 
in an odd position, having demonstrated 
the battleship’s vulnerability. 


Copper-skin bullets are reported in 
use by the Germans for piercing armor 
of tanks and aircraft. The idea is that 
upon impact the copper mushrooms 
against the armor in a fused condition 
and sticks there while the steel heart of 
the projectile gets a bite without rico- 
cheting. Ordnance men of the U. S. 
Army tell Propuct ENGINEERING that 
this is a perfectly sound idea, but that 
it is not enough different from common 
practice to attract much attention. All 
armor-piercing bullets are soft-skinned 
to accommodate the rifling of the gun, 
and mushrooming does aid penetration 
by “sticking.” The fusing characteris- 
tics of one skin metal as compared with 
others is debatable. 


Highway Lobbyists here who have 
been urging more road money with the 
argument that highway design is far 
behind the potentialities of automobiles 
are a little red-faced over reports from 
the new Pennsylvania Turnpike that the 
cars won't stand the sustained high 
speeds permitted by the 160-mile ex- 
press road. Experiments conducted 
deliberately by automobile firms and 
involuntarily by road-scorching tourists 
show that most cars will burn out if 
driven at 90 for an hour and that a sus- 
tained 100 m.p.h. will burn up any of 
them. Tires likewise won’t stand the 
speed, and there have been several seri- 
ous blow-out accidents. 
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New Materials and Parts 


Engine Synchronizer 


Basically, the “Synchro-Master” is a 
mechanical governor connected to two 
internal combustion engines by tachom- 
eter cables, and also connected to the 
carburetor of one of the engines, which 
is designated as the “following” en- 
gine. The lead engine is carburetor 
controlled in the usual manner. The 
Synchro-Master, by opening or closing 
the carburetor of the following engine, 


automatically brings it up to the same 
speed as the lead engine. The opera- 
tion is entirely mechanical in principle. 
Means are provided for automatic 
throwout in case of failure of either 
one of the engines to which it is at- 
tached. Synchro-Master, Seneca Falls, 


MSs 
Interval Timer 


The timer is driven by a self-starting 
synchronous motor and is inclosed in a 
dust-tight, splash-proof, cast aluminum 
housing with full vision window and ex- 
ternal setting knob. Full view bull’s 
eye light signals can be supplied. Dis- 
tinctive features of this Model D2 timer 
include: 12 different scales ranging 
from one revolution in 15 sec. to one 
revolution in 24 hr.; dials are 3 in. in 
dia. with large white etched characters 
against a black enameled background; 
non-clouding window made of unbreak- 
able material and recessed and gasketed 
to provide a splash-proof inclosure; a 
spring and gasket construction around 
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the control shaft to prevent entrance of 
moisture; and a cast aluminum housing 
with a black plastic cover sealed by a 
rubber gasket. The R. W. Cramer Co., 
Inc., Centerbrook, Conn. 


Mercury Switches 


Designated as No. A-5M and No. 
A-10Z, these two new mercury switches 
are capable of carrying substantially 
greater current than the regular Dura- 
kool switches of the same physical 
dimensions. The A-5 mercury switch is 


rated for 200 watts a.c. lamp load for 
on and off operation not exceeding 20 
times per minute. The new design 
A-5M, although of the same physical 
dimensions, has successfully withstood 
750,000 operations on a 500-watt a.c. 
lamp load at an operating speed of 5 
times per minute. The A-10Z has a cor- 
respondingly greater capacity than the 
standard A-10 mercury switch of the 
same physical dimensions. The A-5M 


* 
$, 
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switch requires only a small angular tilt 
for operation, even under heavy load, 
and it is especially adapted to snap 
acting mechanisms, as well as tilt 
action. Priced only slightly higher 
than the standard 5-amp. switch, it can 
be used in a great many applications 
which formerly required the A-10 (10. 
ampere switch). Similarly, the A-10Z 
can be used in many applications where 
formerly the capacity of the A-10 was 
insufficient and the much larger phys. 
ical dimensioned A-20 switch was re- 
quired. Durakool, Inc., Elkhart, Ind. 


Renewable Cartridge Fuse 


Because of the absence of metal and 
ferrules, it is possible to insert and re- 
move the new Solar fuses without the 
use of fuse pullers. A tough casing of 
hard fibre completely eliminates the 
possiblity of shock when removing the 
fuses. The fuse has only two main parts 
besides the renewable link. Approved 
by the Underwriters Laboratories. War- 
ren Lamp Co., Warren, Pa. 


Sealed Ball Bearings 


Available in fractional inch bores for 
shaft diameters ranging from %% to 2% 
in., these bearings are permanently 
sealed, pre-lubricated, fitted with loca- 
tion snap ring to permit through bore 
in housing, have an extended inner ring, 
and can be securely locked on the shaft 
with either knurled cup point setscrews 
or one-half dog point set screws with 
lock wire. With the patented Sealmas- 
ter centrifugal labyrinth seal no seal is 
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required in the housing. Annular grease 
groove with two holes in the outer 
diameter of the outer race permits re- 
easing, although the pre-lubrication 
and ability of bearing to retain lubri- 
cant reduces maintenance to a mini- 
mum. The bearing is fitted with a snap 
ring as standard equipment and there 
iş no need of counterboring the bearing 
housing in order to provide a shoulder 
for locating the bearing. Knurled, cup 
point setscrews are furnished as stand- 
ard equipment. One-half dog point set- 
screws with lock wire can be furnished 
on request at no extra charge. Stephens- 
Adamson Mfg. Co., Aurora, Ill. 


Small Speed Reducer 


Designated as B H U, this small 
speed reducer measures 5%gx3 in., with 
a height of 55% in., making it specially 
adaptable for use with fractional horse- 
power motors. It is offered in three 


assemblies: with output shaft project- 





ing to the right, to the left, or project- 
ing in both directions. Six stock ratios 
are available, ranging in speed ratios 


from 10:1 to 48:1. A bronze worm- 
wheel and a hardened ground worm 
are mounted in Timken roller bearings. 
Torque capacity of speed reducer is 150 
in-lb, The Ohio Gear Co., 1325 E. 
179th St., Cleveland, Ohio. 


Plastic Packing 


Super-Seal plastic packing, a dry 
graphitized plastic packing made from 
asbestos, anti-frictional metal particules 
and special binders, is now being made 
with a patented tape back reinforce- 
ment, securely vulcanized to the outer 
surface of the packing. This vulcanized 
tape reinforcement replaces the old 
frictional woven cotton jacket and thus 
provides a non-frictional surface bear- 
ing directly against the moving part. 
The tape back reinforcement makes 
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the new packing extremely pliable so 
that it can be bent around small diame- 
ter rods and shafts without fracturing 
ər cracking, or formed into small in- 
side diameter rings without distortion. 
The packing contains no oils that can 
be driven off by heat or pressure, and 
flows readily under gland adjustment. 
It is recommended for centrifugal and 
rotary services such as centrifugal 
pumps, low-pressure steam rods, valve 





stems, expansion joints and similar ap- 
plications. Available in six styles or 
type, each type in sizes from 14 in. to 
l in. graduated by sixteenths, in coil, 
standard length spirals, in die-formed 
rings or in sets to stuffing-box dimen- 
sions. Crane Packing Co., 1800 Cuyler 


Ave., Chicago, Ill. 


Motor Starter 


Designed for across-the-line starting 
of single and polyphase squirrel cage 
induction motors, and for primary con- 
trol for wound rotor induction motors, 
this new automatic motor starter allows 
automatic control, local or remote con- 
trol, or control from two or more loca- 
tions. Provides low-voltage release and 
no-voltage protection, as well as pro- 
tection against damaging over-loads to 
motors. Three-point ball bearing sus- 
pension of the movable electro-magnet 
assures a floating action that minimizes 
friction and guides contacts smoothly 
into correct alignment. Magnet oper- 
ates vertically and cannot close acci- 
dentally by shock or vibration. Other 
features include the double break 
rounded silver-to-silver contacts; layer 
wound magnet coils with paper sec- 
tion construction, fully taped, impreg- 
nated and baked; the “E” shaped mag- 
net designed to give a strong pull with 
low power consumption; easily removed 
contacts and magnet coils; ample wir- 
ing space and plenty of knockouts. May 
be furnished for remote control. local 





control or with transfer switch and 
cover. Supplied in general purpose 
sheet steel cabinets, in water-tight, 
weatherproof cast aluminum inclosures 
or as interior only for special applica- 
tions. Colts Patent Fire Arms Mfg. 
Co., Electrical Div., Hartford, Conn. 


Molded Metal Products 


Self-lubricating bearings and other 
powdered metal products are now avail- 
able from a new company recently 
formed for this specialized manufacture. 
Plant equipment is of special design, 
based upon the most recent develop- 
ments in powdered metallurgy, so that 
parts can now be produced which here- 
tofore have been impossible. A com- 
plete research and experimental labora- 
tory is maintained for development and 
tests of any particular powdered metal 
parts. A complete variety of self-lubri- 
cating bearings are now available. Na- 
tional Molded Products, Inc., 122 Mill 
Street, Saint Marys, Pa. 


Marked Shim Stock 


Thin shim stock in rolls is now sup- 
plied in slotted cartons with the lengths 
plainly marked in inches along the 
edge of the shim. Thus the precision- 








thin metal can be conveniently pulled 
through the carton slot and cut off to 
the exact length required. This not 
only avoids waste but also indicates 
when the roll is almost exhausted. These 
handy packaged rolls of brass or steel 
shim stock are available in widths of 
6 in. and in shim thicknesses ranging 


from 0.001 to 0.015 in. Laminated Shim 
Co.. Inc., Glenbrook, Conn. 


Atomizing Nozzles 


To be used for spraying water, oil, or 
other liquids with similar viscosity, 
these new nozzles are of sturdy con- 
struction, accurately machined with pol- 


ished orifice insert. Spray pattern is 


hollow cone with uniform distribution 
and maximum atomization even with 
relatively low hydraulic pressure alone. 
Capacities range from 1.2 to 17 gal. per 
hr. at 60 lb. per sq.in. Standard stock 
construction is brass with 18-8 stainless 
steel inserts for orifice and core tip, and 
Monel built-in metal strainer. Also 
available in stainless steel throughout. 
Made for male and female 14 in. pipe 
connection. Spraying Systems Co., 
1011-21 W. Lake St., Chicago, Ill. 


Pushbutton Stations 


These general purpose one- and two- 
button standard duty pushbutton sta- 
tions offer improvements in operation, 
appearance, and ease of installation. 
Molded buttons made slightly concave 
for convenience are protected from 
accidental operation by guard rings. 
The words “Start” and “Stop” molded 
into the front of the buttons are filled 
with white paint to make them easily 
readable. Stations are 4 9/16 in. high, 
wide, and 21% in. deep, with 
ample wiring space. Inclosure is made 
entirely of steel and consists of back 


25% in. 


and cover. Cover is crimped over at the 
ends to over-lap the top and bottom ends 
of the back, and is held in place by one 
screw at the top and one at the bottom. 
Contacts are of fine silver backed by 
steel. As the contacts close, a rolling 
action produced by an off-center con- 
tact bar causes the contacts to roll 


slightly. This assures a good contact 


and tends to prevent welding. A pressure 


of 38 oz. is required to depress the 
“Start” button, which higher pressure 
reduces the possibility of contacts weld- 
ing. General Electric Co., Schenectady, 


N. Y. 


Sectionalized Motor Control 


Unitrol permits all needed types of 
control devices to be organized in 


locker-like motor control centers instead 
of the usual “pillar and post” method 
of mounting. Standard motor control 


units are mounted in the standardized 
cubicle sections made in many sizes for 
mounting any desired combination of 
units. Standard units can accommodate 
controllers, disconnect switches and 
accessories as required. Units can be 
mounted in both front and rear of the 
sections. Units are assembled either 
with all wiring buses, supports, ter- 
minals and interconnections already 
made, or with provisions for wiring on 
the job. Blank steel panels for mounting 
pushbüttons, meters and other acces- 
sories are furnished for any unused 
sections. A door swing-out feature 
facilitates wiring and change-overs. Cut- 
ler-Hammer, Inc., 315 N. 12th St., Mil- 
waukee, Wis. 


Molded Resistors 


Designated Type 523, this new 
molded type resistor is designed ty 
carry 4 watt load at 40 deg. C.. is ey. 
ceedingly compact, measures but 3 jp, 
long by 0.143 in. in diameter. Wire has 
a specially developed alloy-coated syr. 
face that resists oxidation and retains 


its excellent soldering characteristics 


for a long period. The unit will safely 
carry 100 per cent overload with less 
than 5 per cent change in resistance 
after 100 hours. Voltage coefficient js 
low; a 1,000 ohm unit will drop less 
than 0.0002 per cent per volt; a ] 
megohm resistor will drop less than 
0.02 per cent per volt. Produced and 
tested on fully automatic equipment, 
Erie Resistor Corp., 640 W. 10th St, 
Erie, Pa. 


New Line of D.C. Motors 


Features of this new line of de, 
motors include rolled-steel frame, im- 
proved end shield and _ bearing-bracket 
construction, coils wound with Formex 
wire, and a specially developed Glyptal 
insulating varnish which provides high 
resistance to impact, abrasion, and the 


action of foreign materials. The motors 
can be furnished with sleeve or ball 
bearings. Other features include a 
lower WR®; small diameter to permit 
low head room, reversal without chang 
ing any parts of the frame. fan, or brush 
rigging; and Textolite wedges in the 
armature slots. Open motors of this 
line in constant speed ratings are avail 
able from ¥% hp. at 850 r.p.m. up lt 
and including 60 hp. at 1,750 r.p.m; 
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and in adjustable speed ratings from 
1% hp. at 850/3,400 r.p.m. up to and 
including 15 hp. at 500/1,800 r.p.m. 
Motors in the larger ratings, beginning 
at 50 hp., 850 r.p.m., embody additional 
design innovations such as a new sys- 
tem of self ventilation, extra protection 
of all current carrying and rotating 
parts, and large conduit boxes, A new 


V-type double-brush holder gives better 


commutation and permits rotation in 
either direction, and a new type lifting 
lug facilitates handling. General Elec- 
tric Co., Schenectady, N. Y. 


Circuit Breaker 


Type M Multi-Breaker has recently 
been developed for use on 3-phase, 4- 
wire, solid neutral 120/208-volt a.c. 
systems. The breakers are common trip 
such that when an overload or short 


circuit occurs on any one pole, all poles 
trip simultaneously. The breakers are 





trip-free and cannot be held closed on 
a short circuit or overload. Indicating 
handle clearly whether the 
breaker is on, off or tripped. Units are 
calibrated and sealed at the factory. 
Capacities range from 15 to 100 amp, 
Enameled sheet steel inclosures are fur- 
nished for either flush or surface mount- 
ing. Square D Co., Detroit, Mich. 


shows 


Drafting Machine 


Feature of this new drafting machine 
is its combination indexing. During 
manually controlled indexing for infre- 
quent changes in angular position, it is 
operated by a thumb-piece conveniently 
located in the handle. For automatic in- 
dexing, the protractor arm can auto- 
matically be set and held at any mul- 
tiple of 15 deg. An elbow brake, readily 
adjusted by a thumb screw, prevents 
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sliding on inclined tables. The head of 
this drafting machine can be raised high 
off the table to facilitate positioning 
the drawing paper; the arms are articu- 
lated for greater flexibility. Zero read- 
ing on the machine can easily be set for 
a baseline of any orientation. The head 
is supported on the paper by a large, 
centrally-positioned skid button of high- 
grade plastic. Engine divided circle is 
434 in. in diameter and is easy to read. 
V & E Engineering Co., 758 South Fair 
Oaks, Pasadena, Calif. 


Immersion Heater 


The new Chromalox immersion 
heater, Type MF, for heating water or 
oil, is installed by bolting in place 
against a flat gasketed seat, the gasket 
being furnished with the heater. If the 
tank or container is sheet metal, a com- 


panion flange or bushing holds the 


heater in place. Features include pat- 
ented heating element construction for 
efficient heat transfer, long life and the 
ability to withstand electric overload. 
All heater surface is in contact with the 
liquid being heated. Copper sheath is 
standard for water heating, steel sheath 
furnished for oil heating. Available in 
capacities from 750 to 5.000 watts in- 
clusive. Edwin L. Wiegand Co.. 7500 
Thomas Blvd., Pittsburgh, Pa. 


Rubber Base Adhesive 


For the adhesion of fabric, paper, 
leather or other porous materials to 
porous or non-porous surfaces, Texglue 


has exceptional adhesive properties and 
resistance to aging. It has a latex or 
rubber base, is non-inflammable, has no 
objectionable odor, and the cement can 
be stored in normal atmospheric tem- 
peratures, with avoidance of freezing 
temperatures or heat above 90 deg. F. It 


can also be used for sealing packages, 


applying labels, and posting bulletins. 
The B. F. Goodrich Co., Akron, Ohio. 


“Electrifugal’” Pump 


A complete pump and motor unit on 
one shaft and in one housing, the motor 
yoke and pump bracket being cast in 
one piece. Feet are cast integral with 
the housing and bracket and extend 





under the entire unit instead of under 
the motor only. The special motor de- 
sign, with copper bearing steel cover, 
meets NEMA specifications for splash- 
proof motors. Totally inclosed, fan 
cooled motors and explosion-proof 
motors are also available in sizes from 
1 to 10 hp. inclusive at 3,500 r.p.m. and 
from 34 to 74% hp. inclusive at 1,750 
r.p.m. for pumping against heads up to 
160 ft. Standard pump construction is 
cast iron casing. bronze fittings. Obtain- 
able in other special metals. The unit 
is described in detail in Bulletin B-6040. 
Allis-Chalmers Co., Milwaukee, Wis. 


Thermostat 


For controlling the temperature of 
flat electrically heated surfaces, this 
sturdily built element with large elec- 
trolytic silver contacts and accessible 
adjustment screw is mounted in a cast 
aluminum housing which conceals the 
terminals. Asbestos covered lead wire 
12 in. long is supplied with each unit. 
Available in maximum operating tem- 
perature ranges of 300, 450 and 700 deg. 





F., normally closed contacts to open 
with rise in temperature, or normally 
open contacts to close with rise in tem- 
perature, reacting to a 5 deg. F. tem- 
perature differential. Approved by 
Underwriters’ Laboratories for 1,500 
watts at 115-230 volts a.c. Adaptable 
for controlling air temperatures by per- 
forating the housing. George Ulanet 
Co., 89 E. Kinney St., Newark, N. J. 


Adjustable Die Sets 


These adjustable die sets permit much 
closer grouping of punches and strip- 
pers than is possible by any other 
similar method, and permit quick and 
cheap production of a limited quantity 
of parts. Typical example is the pro- 
duction of small quantities of airplane 


wing and fuselage sections, some of 
which require more than 50 perfora- 
tions. Various sizes of punches for per- 
forating and notching can be arranged 
in different positions to suit the require- 
ments of the job in hand. Punches are 
available in stock sizes up to 1% in. 
S. B. Whistler & Sons, Inc., 748 Military 
Road, Buffalo, N. Y. 


Stainless Steel T-Square 


Stainless steel T-square, known as No. 
30, has transparent edges and Alumilite 
metal heads which make the T-square 
non-warpable and not affected by atmos- 
pheric changes. Rigidity is insured by 
double channel construction. Transpar- 
ent edges are secured to the blade by 


dovetail joints, with no cementing. The 
blade is of thin cross section, requiring 
no bevel. Blade glides on two hard 
rounded surfaces that are claimed not 
to soil work or collect dust. Turner De- 
vices, Inc., 12121 Mississippi Ave., St. 
Louis, Mo. 


Hand-Operated Air Valve 


Double 4-way hand-operated air valve 
permits the control of two individual 
double-acting air cylinders with only one 
valve. This valve has many industrial 


possibilities on air-operated clamps, 
fixtures, knives, or any application 
where it is necessary to have one point 
of control for two cylinders that lead 
and lag each other in their respective 
action. Advantages are economies in 
piping, saving of air and positive control 
of two cylinders with one valve. C. B. 
Hunt & Son, 1850 E. Pershing St., 
Salem, Ohio. 


Baking Enamel 


Vedoc, a new organic finish for coat- 
ing metal with a smooth hard film, re- 
quires no primer. On unprimed metal 
Vedoc will produce a glistening, smooth, 
hard finish that is unusually resistant to 
water, alkali and acid. It can be ap- 
plied with spray or dip. It is baked at 
temperatures of 265 deg. F. for one 
hour, 325 deg. for 9 min. in gas, oil or 
electric ovens. It can also be baked by 
infra-red process. Available at present 
only in white and black. Claimed to 
have excellent color retention, Vedoc 
white is said to be non-yellowing. Liquid 
Plastics Corp., Div. Ferro Enamel Corp., 
Cleveland, Ohio. 


Immersion Heater 


This new type of immersion heater, 
for operating in molten salt, metal and 
high temperature oil baths, is rated for 
use up to 950 deg. F., and is known as 


Type CHS. Heavy-duty Chromalox 
tubular units are welded to an electrical 
connection housing to which a riser is 
attached, connections being brought out 
to the terminal box in which line con- 
nections are made. Operating condi- 
tions determine the use of steel or In- 
conel sheath, Ye-in. in thickness with 
wattage ratings from 2 kw. to 5 kw. at 
various watt densities. Edwin L. Wie- 
gand Co., 7500 Thomas Blvd., Pitts- 
burgh, Pa. 


Conduit Fittings 


An entirely different principle of in- 
terior design where right-angle turns 
that crack and cut the insulation are 
eliminated is the principal feature of 
the new Form 37 Adalets. In addition 
to the safety factor, this new interior 


design eliminates mechanical abrasion, 
and speeds up the job of installation by 
making it easier to pull the wires 
through. Radii of the conduit hub bell- 
mouth curve is in accordance with the 
Wire Manufacturers’ performance 
specification mandrel. The bell-mouth 
curve prevents sharp kinks in wires. 
Available in eight types. Adalet Mfg. 
Co., 1448 E. 49th St., Cleveland, Ohio. 
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Manufacturers’ Publications 








Materials 


Ampco Metat—Ampco Metal, Inc., 3830 
W. Burnham St., Milwaukee, Wis. “Brief 
Facts About Ampco Metal,” 16 pages, 
4x 83 in. Descriptions and illustrations by 
photomicrographs of the six types of Ampco 
metals are included in this booklet, which 
covers physical properties and fabrication 
methods. 


PLexicLAsS—Rohm & Haas Co., Inc., 222 
W. Washington Sq., Philadelphia, Pa. 
Booklet, 44 pages, 53 x 8 in. Nicely il- 
lustrated booklet sets forth classified ap- 
plications of Plexiglas. Table of properties 
is also included. 


PoLyvinYL AcetaTtes—R. & H. Chemicals 
Dept., E. I. du Pont de Nemours & Co., 
Wilmington, Del. Technical Bulletin, 84 
x ll in. Facts concerning polyvinyl ace- 
tates, the thermoplastic resins, including 
information concerning different grades and 
specific applications, are given. 


TusuLar Propucts—The Babcock & Wil- 
cox Tube Co., Beaver Falls, Pa. Bulletin 
11-C, 84 x 11 in. Contains specifications 
established for carbon steel and alloy steel 
tubes by A.S.T.M., and specifications for 
high chromium and stainless alloy tubes. 


STEEL FLoortnc—Wnm. F. Klemp Co., 6601 
S. Melvina Ave., Chicago, Ill. Bulletin 
A.LA. File 14-R, 8 pages, 9 x 11 in. De- 
scribes diamond grating, steel stair treads, 
Hexteel heavy-duty surface armor, and 
Klemp-Acme floorsteel, with tables of safe 
loads and information on assembly and 
recommended fillers. 


Mechanical Parts 


Beartncs—Link-Belt Co., 304 W. Persh- 
ing Road, Chicago, Ill. Folder 1846, 12 
pages, 4 x 83 in. Briefly describes and 
illustrates the Link-Belt line of anti-friction 
ball and roller bearings. 


Cuains AND Sprockets—C. O. Bartlett 
& Snow Co., 6200 Harvard Ave., Cleveland, 
Ohio. General Catalog 90, 372 pages, 
8 x 11 in. Gives complete details of 
chains and sprockets, elevators, conveyors, 
gates, crushers, feeders, and miscellaneous 
materials-handling and processing equip- 
ment. 


Enptess Betts—The Manhattan Rubber 
Mfg. Division, Passaic, N. J. Drive data 
book lists standard sizes of two styles of 
Condor Whipcord endless flat belts, and 
lists more than 1,500 drives available with 
these standard stock belts. 


FILTER S. G. Frantz Co., Inc., 161 Grand 
St, New York, N. Y. Bulletin 15, 4 pages, 
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83 x 11 in. Bulletin 16, 4 pages, 84 x 11 in. 
These two bulletins illustrate and describe 
the Frantz FerroFilter and the Permanent 
Magnet FerroFilter for the extraction of 
iron particles from lubricating oil. 


FLEXIBLE MeTALLIC HoseE—Seamlex Co., 
Inc., 5-19-48th Ave., Long Island City, N. Y. 
Bulletins 408 and 410, 2 pages each, 8% x 11 
in. Illustrate and list standard sizes and 
types of Seamlex seamless all-metal hose. 


O1ttess Beartncs—Neveroil Bearing Co., 
Wakefield, Mass. New catalog describes and 
illustrates over forty oilless alloy bearings 
in the Neveroil Graphex and Coprex groups, 
as well as oilless wood bearings in the 
Neveroil Woodex group. 


Pittow Brock — Shafer Bearing Corp., 
35 E. Wacker Drive, Chicago, Ill. Bulletin 
526, 4 pages, 83 x 11 in. Condensed list- 
ings and descriptions of complete line of 
self-aligning pillow blocks and radial-thrust 
roller bearings. 


Rotter Cuains—The Whitney Chain & 
Mfg. Co., Hartford, Conn. Stock List V- 
150, 20 pages, 83 x 11 in. Including engi- 
neering data in condensed form necessary 
for the selection of chain drives, this cata- 
log lists and gives specifications for stock 
roller chains and sprockets. 


V-Bett Drives — Worthington Pump & 
Machinery Corp., 2 Park Ave., New York, 
N. Y. Engineering Manual V-1400-E2-404, 
72 pages, 83 x 11% in. Setting forth com- 
plete descriptions and specifications for 
Multi-V-Drives, this manual contains many 
pages of engineering information covering 
the selection and maintenance of V-belts. 


Wrovucut WasHErRsS—Wrought Washer 
Mfg. Co., 2100 S. Bay St., Milwaukee, Wis. 
Stock List 55-D. Lists thousands of washer 
specifications in various materials, includ- 
ing steel, brass, copper, aluminum, and 
fiber now in stock. 


ViBRATION INsuULATORS—B. F. Goodrich 
Co., Akron, Ohio. Bulletin lists and il- 
lustrates extensive applications of Vibro- 
Insulators, the combinations of rubber and 
metal used to eliminate vibration. 


Electrical Parts 


Cor Bossin—Precision Paper Tube Co., 
2033 W. Charleston St., Chicago, Ill. Bulle- 
tin and data sheet, 6 pages, 84 x 12 in. 
Describes dielectric paper coil bobbins for 
applications where space is an important 
factor. Diagrams and illustrations set forth 
features. 


ELECTRICAL MATERIALS—Allegheny Lud- 
lum Steel Corp., 239 Oliver Bldg., Pitts- 


burgh, Pa. Blue Sheet, 20 pages, 83x11 
in. Lists applications for and gives engi- 
neering data on Allegheny steels for uses 
where magnetic and electrical resistance 
properties are important. 





Micro SwitcnHes — Micro Switch Corp., 
Freeport, Ill. Data Sheet 8A, 2 pages; 
Data Sheet 9A, 3 pages; and Data Sheet 
14, one page; each 84 x 11 in. Gives com- 
plete engineering description of Micro Limit 
Switch, Explosion-Proof Micro Switch, and 
die cast Metal Clad Micro Switch. 


SMALL PANEL INSTRUMENTS — General 
Electric Co., Schenectady, N. Y. Bulletin 
GEA-2645A, 4 pages, 8 x 104 in. Illustrates 
and gives brief description and dimension 
drawings for many types of small panel 
instruments. 


SMALL PANEL INSTRUMENTS — Westing- 
house Electric & Mfg. Co., East Pittsburgh, 
Pa. Catalog 43-350, 12 pages, 84 x 11 in. 
Describes and suggests applications for the 
entire line of small panel instruments, ap- 
proximately 3 in. in diameter. 


SwitcHes—Automatic Switch Co., 41 East 
llth St., New York, N. Y. Circular 500, 
12 pages, 83 x 11 in. Well illustrated bulle- 
tin contains brief description of standard 
switches, including automatic transfer 
switches, remote control switches, contactors 
and relays. 


Fabrication Methods 


NicKEL FapricaTlon — Development & 
Research Div., International Nickel Co., 67 
Wall St., New York, N. Y. Bulletin T-2, 
32 pages, 83 x 11 in. Revised as of June, 
1940, this bulletin contains technical in- 
formation on the welding, brazing and soft 
soldering of Monel, nickel and Inconel. 


Wextpinc Equipment — Lincoln Electric 
Co., Cleveland, Ohio. Bulletin 402, 56 pages, 
8% x 11 in. Catalogs welding electrodes, 
electrode holders, protective shields, welding 
cables. and other welding equipment. 


Miscellaneous 


DraFrtinc Room EquipMeENtT—Angle Steel 
Stool Co., Plainwell, Mich. Bulletin 4-16- 
40, 4 pages, 84 x 11 in. Illustrates and 
describes many types of steel office and 
drafting room equipment, and includes 
descriptions of metal furniture for machine 
shops. 


Extastic Primer — American Chemical 
Paint Co., Ambler, Pa. Bulletin 8-2, 4 pages, 
4x 83 in. Sets forth the functions and gives 
directions for use of elastic primer to pre- 
vent rust on structural steel. 


TACHOMETERS—Esterline & Angus Co., 
Inc., Indianapolis, Ind. Bulletin 640, 16 
pages, 84 x 11l in. Well-illustrated bulletin 
is a comprehensive and easy-to-read descrip- 
tion of design, installation, typical applica- 
tions and features of electric tachometers. 
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Theory of Plates and Shells 


S. TimMOSHENKO—492 pages, 6x9 in. 
Black clothboard covers. Copyrighted 
by the United Engineering Trustees, 
Inc. Published by McGraw-Hill Book 
Co., Inc., 330 West 42nd St., New York, 
N. Y. Price $6. 


In this volume the discussion cover- 
ing the general theory of plates is lim- 
ited. Generally it is made up of investi- 
gations of particular problems and 
specific applications of interest to engi- 
neers who are concerned with the design 
of walled structures such as domes, thin- 
walled tanks and containers, conical and 
spherical shells. 

Included in the text are chapters deal- 
ing with bending rectangular plates to 
cylindrical shapes, symmetrical bending 
of circular plates, deflections of laterally 
loaded plates, rectangular plates with 
various edge conditions, bending of 
plates under combined lateral loads 
and forces, and large deflections of 
plates. Also discussed are deforma- 
tion of shells without bending, gen- 
eral theory of cylindrical shells, and 
shells having the form of a surface of 
revolution loaded symmetrically with 
respect to their axis. 

Throughout the book numerous refer- 
ences are made to literature that treats 
of the problems involved in the bending 
of plates and shells, which should be of 
benefit to engineers who wish to study 
special problems in more detail. 


Working Stresses 


Josera MARrIN—41 pages, 5x84 in. 
Clothboard covers. Published by Rut- 
gers University Press, New Brunswick, 


N.J. Price $1. 


An analytical comparison of various 
theories for evaluating the effects of 
combined states of stress on the failure 
of materials as a basis for the selection 
of suitable working stresses to avoid 
failure. 

The discussion of static loads is con- 
cerned with the theories for failure of 
materials subjected to simple tension 
and to combined stresses, also with 
working stresses for ductile and for 
brittle materials. Materials subjected 
to fluctuating axial and to fluctuating 
combined stresses are also analyzed. 
Theories dealing with creep conditions 
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set up in materials at high temperatures 
by simple tension, pure bending, torsion 
and combined stresses are compared 
and evaluated. Twenty-six plates of 
stress diagrams are included. 


Handbook of Mathematical 


Tables and Formulas 


RıcHard S. BurRINGTON—Second Edi- 
tion, 275 pages, 52x8 in. Black imita- 
tion leather covers. Published by Hand- 
book Publishers, Inc., Sandusky, Ohio. 
Price $1.25. 


The first part of the book gives all of 
the important formulas of all branches 
of mathematics, including a compre- 
hensive table of derivatives and greatly 
enlarged table of integrals. The second 
part includes five-place logarithm and 
trigonometric tables, tables of natural 
logarithms, exponential and hyperbole 
functions, reciprocals and other numer- 
ical quantities, and an improved table 
of squares, cubes, and roots. The book 
is well organized, is indexed, and con- 
tent is noted at the top of each page to 
facilitate quick reference. 


Technical Drafting 


CHARLES H. SCHUMANN—793 pages, 
857 illustrations, 38 tables, 64%x9% in. 
Blue clothboard covers. Published by 
Harper & Brothers, 49 East 33rd St., 
New York, N. Y. Price $3.50. 


Not only is this book a text on the 
subject of technical drafting, but also 
it is arranged so that it can easily be 
used as a reference for engineers. For 
this latter purpose, separate chapters 
cover the special problems of each engi- 
neering profession, such as mechanical 
engineering and machine elements, elec- 
trical engineering, welding, engineering 
graphs, industrial engineering drafting 
and others. 

Mr. Schumann confines the ele- 
mentary principles of drafting to the 
first part of his book, and writes it for 
use in modern courses where students 
are not required to study the theory of 
planes .and graphics. For both ele- 
mentary and advanced work, the book 
seems remarkably complete. 

The author makes good use of actual 
drawings submitted by manufacturers 
whose drafting practice is well estab- 


lished. In the appendix are given many 
tables commonly used by draft<men, 
such as standard bolt and nut dimen. 
sions, allowances for fit of parts. key. 
way dimensions and rivet details. 


Principles of Mechanism 


F. Dyson—Third Edition. 364 pages, 
54%4x8Yq in. Blue clothboard covers. 
Published by Oxford University Press, 
114 Fifth Ave., New York, N. Y. Price 


$4.25 


The general arrangement of material 
in this third edition is the same as in 
earlier editions. New sections have been 
introduced which include an analysis of 
the sun and planet epicyclic gear, pre- 
selective epicyclic gear box; exact ex- 
pression for the acceleration of a piston; 
mathematical expressions for displace- 
ment, velocity, and acceleration of a 
follower in contact with a cam face of 
straight or circular outline; acceleration 
diagram for a quick return motion. 
As the title indicates the text book 
deals with fundamental principles. 


A.S.T.M. Standards On 


Petroleum Products 


354 pages, 6x9 in. Published by Com- 
mittee D-2 on Petroleum Products and 
Lubricants, American Society for Testing 
Materials, 260 S. Broad St., Philadelphia, 
Pa. Price $2. 


Sixty-five standardized methods of test- 
ing, ten specifications and two lists of 
definitions of terms are compiled in this 
A.S.T.M. publication. The latest committee 
report is included, giving detailed changes 
on some eighteen standards and also in- 
cluded are three proposed new methods 
covering tests for neutralization number, 
aniline point, and for ignition quality of 
diesel fuels. Among the new standards 
included for the first time is the method 
for calculating viscosity index. 


Ball Bearing Lubrication 


15 pages, 64x84 in. Published by New 
Departure, Div. General Motors Corp, 
Bristol, Conn. 


This booklet, covering the selection and 
application of both oils and greases, is 
prepared as an aid to design engineers in 
the choice of the correct lubricant for ball 
bearings. A simple method for determin 
ing the proper grade and viscosity of oil 
for various operating temperatures and 
bearing speeds is given. Discussion of 
composition and use of greases with refer- 
ences to their relative suitability under 
different speed, temperature and moisture 
conditions is included. Many diagram- 
matic sketches illustrate different methods 
for applying lubricating oils and greases. 
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Masters of Metal .. and Many Metals 























Many a widely divergent industry is represented by the parts illus- 
trated above, but all have one common contact, for all of the parts 
shown are made to order byScovill’s contract manufacturing divisions. 

Illustrated are screw machine products, cold headed parts, a com- 
plete radiator valve, forgings, and numerous stamped and drawn parts. 

Contract manufacturing as handled by Scovill means the making 
to order in quantity of those metal parts or products required by 
other manufacturers or distributors. 


The metals used in the parts illustrated above include aluminum, A WELL-KNOWN manufacturer of finely finished per- 
e s a o fi omizers and dro 3 use f 3 ‘ 
brass, nickel-silver, and bronze, but Scovill also manufactures from mmie mag mpka Say aa derea lana a a 
steel, copper, zinc, and other base metals. The parts may involve only EO n Oe SNS 
° e ° ° e Because of the line’s high standards, the quality and ap- 
a simple sand-casting operation, or they may require a series of opera- pearance of the parts could not be sacrificed to economy. 
° l ° ° -J ° ° e ° Scovill solved the problem successfully! By using a dif- 
tions ranging from blanking and drawing, through intricate piercing ferent macthed of manuthetave, we out down the weight - 


of the ferrules without lowering quality, improved their 
appearance, and saved over 40% for the customer! 


and forming operations, to 
lacquering, enameling, and 
finishing; but in the wide 
range of facilities which 
makes possible its diversity of production, Scovill customers have found 
the answer to their source of supply problems. 

Whether the parts or products are for a gasoline pump, a vacuum bottle, 
or an oil filter for an airplane motor, the manufacturing problems have the 






z= same common ground. Scovill has successfully served many other companies 
MANUFACTURING COMPANY by producing for them the metal parts they purchase — may we help you? f 
WATERBURY, CONN. An illustrated booklet, “Masters of Metal”, tells this story in further de- 
E tail. Send for it. 35 Mill Street, Waterbury, Connecticut. 
NG 


Boston, Providence, New York, Philadelphia, Syracuse, Pittsburgh, Detroit, Chicago, Cincinnati, San Francisco, Los Angeles. 
IN CANADA: 334 King St., East, Toronto, Ontario 
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The Navy has advanced its engineering 
in “face of conservatism, trepidation and 
no little opposition,” it is told by Rear 
Admiral Harold G. Bowen as chief of the 
Bureau of Engineering, in his annual re- 
port to the Secretary. Bowen is now 
director of Naval research. Apparently 
he was referring to adoption of high- 
temperature, high-pressure steam. He 
revealed that the standard in new con- 
struction is 600 lb. per sq. in. at 850 deg. 
F. Machinery, under the new steam 
standards, is more economical, more re- 
liable, and as easy or easier to maintain, 
operate, and protect in battle. His report 
says that top-heaviness of new destroy- 
ers, which caused so much talk, is really 
minor and is being corrected. The Ad- 
miral says that repair facilities afloat are 
inadequate and that trouble might result 
unless such facilities are increased, espe- 
cially for the Atlantic squadron. Tests in- 
dicated that it would be desirable to put 
destroyer type machinery in cruisers. 


* * * 


Magnetie mines, as every engineer 
surmised, do not exist as reported by 
many newspapers in connection with de- 
struction of British and neutral shipping. 
A little reflection convinced the technical 
man right away that no magnetic field 
could drag a mine from more than a few 
feet away to contact with a steel ship. 
Best information available in Washington 
is that the mines are rigged with a mag- 
netic compass which, when deflected by 
a passing mass of iron or steel, closes an 
ignition circuit which detonates the 
charge. Due to the non-compressibility of 
water. the shallow-laid mine works as 
much havoc as though it were in direct 
contact with the ship. Such mines would 
not be effective in deep water. They are 
released by submarines, and by low-flying 
airplanes, supposedly suspended from 
parachutes. Their great destructive ad- 
vantage is that they lie on the sea-floor 
where sweepers cannot clear them away. 
* & # 


“Release policy” of the Aeronautical 
Board, coordinator of the Army and 
Navy air services, has recently been re- 
vised. Now almost any aircraft in pro- 
duction in this country can be sold to 
the Allies. Only those projects which are 
still in the blue-print stage and in labora- 
tory development are withheld. This is 
taken to mean, by many observers, that 
this country is giving away its military 
secrets to help England and France. 
Such, however, is not the case. Secrecy 
will still be maintained for the benefit 


1 


of countries to whom the equipment is 
sold. This, of course, is rather futile, since 
hundreds of. people know about the de- 
tails of every type of airplane. 


* * * 


We have many secrets which are 
jealously guarded, even from our friends. 
The United States bomb sight, for in- 
stance, is far better than any other sight 
in the world. It constitutes a tremen- 
dous military advantage; only a handful 
of Americans know how it works. Then 
we have airplane detectors, and other 
devices which we will keep to ourselves. 
After all, with aviation moving ahead as 
fast as it does technologically, our main 
advantages are always on the drawing 
board and in the laboratory. Those are 
the advantages we are holding onto, 
aside from such as bombsights. Our 
equipment in production is only semi- 
secret; too many people have seen it. 


* * * 


An electrolytic process for recovery 


of manganese has been perfected and 
patented by the Bureau of Mines and the 
Bureau of Standards. It will enable the 
United States to produce enough high- 
grade manganese for defense without de- 
pendence on foreign sources. Develop- 
ment of the process was begun imme- 
diately after the World War when it was 
discovered that this country’s supply was 
inadequate. Announcement of the process 
was by Dr. R. S. Dean, metallurgist of 
the Bureau of Mines. at the National 
Metal Exposition. 


* * X 


Firm faith in floating steel as a 
basic sea weapon is again reiterated by 
the Navy. At the same time the Navy is 
carefully eyeing the aerial attacks of 
England and Germany on each other’s 
fleets. Now and then strong rumors drift 
around that naval equipment may have 
to be redesigned in consideration of over- 
head bombing. Naval tradition is slow to 
change, but Acting Secretary Charles 
Edison is a forward-looker extraordi- 
nary. Edison undoubtedly approved the 
bill which Congressman Carl Vinson will 
offer at next session for a 25 per cent 
expansion of the composition of the 
Navy—along conventional lines. Evi- 
dently the present war hasn’t yet proved 
anything serious against the battle fleet 
as compared with air power. But the 
door was left open a crack, just in case. 
The bill says that the President can 
change the categories of construction at 
his discretion. 


Heat-retaining properties of fab- 
rics can be measured quickly by a new 
apparatus developed in the textiles sec- 
tion of the Bureau of Standards. Fabric 
is laid upon an electrically heated hot 
plate. Loss of heat from the plate except 
through the fabric to the air above it is 
prevented by heated guard plates. A hood 
is placed over the textile to prevent dis- 
turbance by air currents. Energy re- 
quired to maintain the hot plate at a 


given temperature is observed. 
* * * 


The flow of death-dealing inventions to 
the War and Navy Departments has been 
greatly increased by war excitement. Not 
the least of recent ones is a “detonator 
ray,” described by its sponsor as capable 
of exploding gasoline and ammunition at 


‘a distance of two miles. Many of the 


valuable developments 
“screwbox” inventors. 


Services’ most 
have come from 


While most of the invention intake is 
fantastic, technicians examine all the 
stuff carefully so as not to miss anything. 


* * * 


Examination of protective coatings 
on 1,600 underground pipe specimens 
which were dug up in 1937 after ex- 
posure for five to nine years, is reported 
by the Bureau of Standards. There is no 
marked difference between corrosion of 
ferrous materials made by different proc- 
Addition of small amounts of 
chromium, copper, nickel, etc., to iron 
and steel appears not to improve resist- 
ance of alloys noticeably. Ferrous alloys 
containing large amounts of chromium 
show lower loss of weight and fewer pits 
per unit area, but those containing chro- 
mium alone may pit deeply. Department 
of Commerce has available a complete 
report. 


esses. 


* * * 


Germany has built a nautical re- 
search ship equipped with electric regis- 
ters inter-connected with a master clock, 
reports Commercial Attache Sam E. 
Woods of Berlin. The devices include: an 
accelerometer; 14 bottom-pressure me- 
ters; optographic lamps which register 
simultaneously all changes of trim; 
dilometers to record elastic deforma- 
tions caused by movement of the sea and 
speed of the ship; vertical rows of elec- 
tric sounding devices built into both sides 
of the vessel to register and correlate 
the movement of the swells; an “Aska- 
nia” angular accelerometer which can 
be geared to ratio of 1 to 100,000 to 
register pitch of the ship in heavy seas. 
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Scovill’s manufacturing service is as varied as the industries 
served. Manufacturers of such diverse products as flashlights, 
electric ranges, cosmetics, garden hose equipment, automobiles, 
X-Ray equipment, electrical appliances, etc. use Scovill as their 
factory for the production of drawn and stamped parts, metal 
part assemblies, as well as parts completely finished ready for 


From stem to stern you can find innumerable traces of Scovill’s 
hand in helping other manufacturers . 
parts in quantity to order, perhaps more economically than the 
customer could . . . by performing the entire production job 
. . . or by supplying brass, bronze or nickel silver as sheet, rod, 
wire or tubing, for fabrication by the customer. 


. by producing metal 















assembly into their products. The fabrication can be from 


MANUFACTURING COMPANY 
WATERBURY, CONN. 





aluminum or steel as well as copper alloys, for Scovill works in all of these. 


To users of turned and cold headed parts, the Scovill Screw Products Division offers a 
complete service, producing turned parts from the very smallest up to parts from 2%,” 
diameter rod and a full line of cap and machine screws and cold headed parts. 

Condenser tubes, plumbers’ brass goods, containers and closures are examples of products 


made complete by Scovill. 


Thousands of firms have used Scovill’s facilities to advantage . . . turn to Scovill for 
designing and engineering help and for the economies or improvements in quality made 
possible by their experience and equipment. 


Our booklet “ Masters of Metal” will give you an idea of the breadth of this service. 
Address 35 Mill Street, Waterbury, Connecticut for a free copy. 
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IN CANADA: 334 King Street, East, Toronto, Ontario 
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A “serious lack of engine research 
facilities in the United States . . .” is 
revealed by the Lindbergh survey, an- 
nounces the National Advisory Commit- 
tee for Aeronautics. NACA therefore 
recommends that an engine laboratory, 
easily accessible to the aircraft industry, 
be constructed at the earliest possible 
date. This request will be sent to the 
present Congress. Foreign leadership 
in certain types of military airplanes is 
due in part to superiority of foreign 
liquid-cooled engines. In addition to its 
Langley Field and Sunnyvale labora- 
tories, and the proposed engine labora- 
tory, NACA will coordinate the work 
of all other facilities in the Army and 
Navy in universities and in industry. 
To carry out this plan NACA has added 
to its staff Mr. S. Paul Johnston, just 
resigned as editor of Aviation magazine. 
Mr. Johnston is a graduate of Massa- 
chusetts Institute of Technology and is 
a recognized authority on aeronautics. 
NACA has called for bids on huge wind 
tunnels at Sunnyvale and Langley. The 
Army also is building a new tunnel at 


Wright Field. 


Best research job for the Air Corps 
is being done right now by Germany and 
England in actual combat, the toughest 
of all test laboratories. You may be sure 
that the silver-wing boys are watching 
intently from their swivel chairs. 
They’ve observed surprising things al- 
ready, one of which is the vulnerability 
of bombers. During and after the World 
War, bombers were convoyed by light 
fighters. Later the bombers got so fast 
and maneuverable that it was thought 
they could go it alone, what with their 
universal mounting of defensive guns. 
But not so. One reason why Germany is 
delaying air attack is to take time out to 
build a fleet of fighters to protect bomb- 
ers. The problem is different in this 
country, because of longer distances, but 
some change of policy might come. 


A coordinator was set up by Charles 
Edison, while he was acting Secretary 
of the Navy, in an effort to fill the gaps 
between independent bureaus which 
work at cross purposes on ship construc- 
tion. But both Edison and Rep. Carl 
Vinson, of Georgia, chairman of House 
Naval Affairs, feel that reorganization 
is necessary to prevent waste and such 
mistakes as the new top-heavy cruisers 
on which expensive changes will have to 
be made. Accordingly, Mr. Vinson has 
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appointed a five-man sub-committee on 
reorganization from which he expects a 
report in April. 


President Roosevelt stirred up the 
old dispute whether machines make 
work or unemployment in his message to 
Congress. He said that one problem 
before the country is “finding jobs faster 
than invention can take them away.” 
H. W. Prentis, Jr., president of the Na- 
tional Association of Manufacturers, is 
among those who protest the President’s 
remark. He says that 84 per cent of all 
machines invented are “labor serving” 
rather than “labor saving.” Organized 
labor agrees with Mr. Roosevelt, says 
that manufacturers themselves threaten 
“mechanization” in answer to drives for 
higher wages. 


“Vest-pocket” submarines are now 
being built in Germany, displacing 150 
tons and requiring a crew of 20 as com- 
pared with 40 to 60 men for vessels of 
550 to 1,500 tons. It is estimated that 
Germany can build the little subs ten 
times as fast as the big ones, and that 
small shipyards can be used. They could 
even be built in the interior and 
assembled on the coast. The pocket boats 
cannot, of course, carry enough fuel to 
stay out more than a few days. 


Rotary wing aireraft smoke is so 
plentiful that you can expect to find fire. 
The War Department has just approved 
an invitation for bids on “windmills” for 
the Air Corps. The plan contemplates 
a design competition—that is, expe- 
rienced manufacturers will be eligible 
to submit designs. This country’s two 
leading giros are Kellett and Pitcairn. 
Encouragement by the Army is calcu- 
lated to push civil development also. 
Satisfactory results are being obtained 
with helicopters too, by several designers 
in this country, following excellent work 
done by Germany. Many aeronautical 
authorities believe that private flying 
will get nowhere until planes are built 
which will be cheap and safe, and which 
can ignore present necessity for airports. 
They think the whirling blade is the basic 
conception. 


A high speed X-ray machine, capable 
of taking four or five pictures a minute, 
has been demonstrated to the Army and 
the Navy. It uses paper film (emulsion 















on paper) in rolls 100 ft. long an! 14 
in. wide. Scientists here say the mac ‘ine 
has possibilities for inspecting products 
on the assembly line. The intended pur- 
pose, however, is to photograph the 
chests and lungs of veterans applying 
for compensation, to protect the govern- 
ment against fraudulent claims. Within 
23 minutes, 71 men were X-rayed. 


Germanium’s more intense lines in 
the infra-red region of the are spectrum 
have been photographed for the first 
time by Dr. Carl G. Kiess of the Bureau 
of Standards. Analysis of its spectrum 
contributes to confirmation of existing 
theories of atomic structure. Only min- 
ute quantities of germanium have been 
prepared. It shares with gallium and 
scandium the distinction of having had 
its existence foretold and its properties 
described by the Russian scientist Dmitri 
Mendeleef in 1871, prior to actual dis- 
covery in 1886 by Winkler. 


Radial diesel engines, used to some 
extent in military tanks, are being talked 
up again for aircraft. National Advisory 
Committee for Aeronautics has experi- 
mented with diesel, and so have the Serv- 
ices and the industry. The Navy is 
watching with interest present progress 
on the Guiberson diesel air-cooled nine- 
cylinder radial, and other developments, 
but no extensive application in the air 
is imminent, say Service officers. 


An oil-burner study designed to 
bring about understanding between buy- 
ers and sellers of domestic oil burning 
heating units by setting requirements 
satisfactory to both, has just been re- 
leased by the Bureau of Standards, it 
was announced by Director Lyman J. 
Briggs. The publication includes specific 
requirements for oil burner construc- 
tion, safety, manufacturing and produc- 
tion tests, and performance requirements. 


Good deposits of silver have re- 
cently been made at current densities as 
high as 240 amp. per sq. ft., according 
to the Tenth Progress Report of the 
American Silver Producers’ Project. 
High current densities, possible under 
conditions involving turbulent flow of 
the electrolyte, are necessary in silver- 
plating containers with automatic ma- 
chines. Rate of deposition in some ex 
periments was forty times normal. 
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300,000 Metal Helpers for American Manufacturers 


at $ n 
b art eked aT) oe 


The metal parts illustrated above represent a good cross section of 
American industry and a good cross section of Scovill contract man- 
ufacturing as well. For many a manufacturer has benefited through 
lower manufacturing cost, increased rate of production, greater pre- 
cision of product or simplified assembly by purchasing from Scovill 
the metal parts he requires. Over 300,000 parts have been produced 
on just such a basis. 

Practically any combination of operations and metals can be sup- 





A SIMPLER, 
LESS EXPENSIVE ASSEMBLY 
THAT WORKS BETTER! 


A Venetian blind manufacturer, 
who had fabricated his own tilt- 
ing device, asked Scovill wheth- 
er a less complicated job could 





- 
s plied. Illustrated are forgings, cold headed parts, screw machine prod- aa a i es 
> ucts, and a number of stamped and drawn shells and assemblies. instead of a screw machine prod- 
t Some of the parts are shipped as they come from the tools, some uct—and that by redesigning 
: have secondary operations performed while many are completely fab- two other screw machine parts, 
k ricated and finished by polish- the whole assembly was made 
4 z - much simpler. It costs him less 
m ing, plating or enameling. to buy this tilting device, than to 
» Each Scovill customer is make it. And it is more efficient! 
thus served according to his 
i N needs — whether he requires 
i a cold headed part for a machine assembly or a highly finished and chromium 
g plated sheet metal bezel for an instrument. Few restrictions are involved for 
he Scovill works in brass, steel, aluminum, nickel silver, zinc and other base metals. 
ct. MANUFACTURING COMPANY Whatever your product may be — if you use metal parts in quantity — 
" WATERBURY, CONN. consult Scovill. A “Masters of Metal” booklet tells the story in further detail. 





i Write for it to 35 Mill Street, Waterbury, Connecticut. 
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Educational orders remain a lead- 
ing matter of interest to the metal-work- 
ing industry, and therefore to designers. 
Of the total $34,500,000 authorized last 
year, to give non-military manufacturers 
experience in mass production of stra- 
tegic military items, the unused balance 
of $16,250,000 is in the budget for fiscal 
1941 and beyond any doubt will be 
appropriated. War officers and mem- 
bers of the House Military Affairs Com- 
mittee are thinking about $20,000,000 in 
addition to the sixteen. [In general, 
“orders” this year and next will cover 
machining of shells, new rapid fire-arms 
big and small, anti-tank guns, search- 
lights, radio listeners, new chemicals— 
mechanization of the Army. 


In-line aireraft engines will receive 
increasingly serious consideration as 
military air speeds increase, and frontal 
resistance becomes more of a problem. 
For years volume production of radials 
for both military and civil planes cut 
power plant building costs, created 
profits, which have contributed to devel- 
opment to a point where engine failure 
is the exception. Some Army and Navy 
officers have argued that the in-line, 
with its liquid jacket, was highly vul- 
nerable to bullets. But tests show that 
a caliber 0.30 projectile on any of the 
radial cylinders, which are thin, or on 
other vital spots, will stop the plant at 
once. In some instances the failure is 
quicker than it is in radials because of 
loss of liquid. Conclusion is that no 
aircraft engine can take gunfire; armor 
is out of the question thus far. One 
Army engine expert figures that 1,000 
hp. in-line will do the same work at 
high speed as 1,300 hp. in radial form. 


Squalus disaster was caused by hu- 
man error, in the personal opinion of 
Navy Secretary Charles Edison. Rou- 
tine diving procedure called for closing 
four hand-operated “hull stop valves”. 
This was not done. If the valves had 
been closed before submerging, he says, 
only the pipe lines between inner and 
outer hulls, and not the compartments, 
would have been flooded. The Naval 
Court of Inquiry had absolved the officers 
and crew of “serious blame”, and attrib- 
uted the sinking to mechanical failure 
of the air intake valve leading to the 
engines. Mr. Edison says Navy’s find- 
ings of fact were not entirely complete in 
all respects. 
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Mobile radio antenna developed by 
National Park Service engineers makes 
possible long distance two-way commu- 
nication from motorized field equipment. 
Heretofore, two-way radio communica- 
tion from the ordinary Park Service pa- 
trol car has been limited to a few miles. 
By use of new antenna—a base-loaded 
type with efficiency increased 16 times 
—communication between points more 
than 100 miles apart has been attained 
using frequencies between 2,500 and 
3,500 kilocycles. 


Low-flying attack planes, which 
dive on front lines without warning and 
are quickly gone, have baffled defense 
strategists. The U. S. thinks it has some 
answers. The caliber 0.30 semi-auto- 
matic shoulder rifle is one. Another 
effective new defense for front lines is 
the 37mm. anti-aircraft gun, which is 
fully automatic and can spray lead at 
the attacking plane at the rate of 125 
rounds a minute. Its projectile weighs 
about one and one-third pounds and is 
fused to detonate on contact, doing seri- 
ous damage. If it misses, it detonates 
itself after a predetermined distance, so 
as not to become a menace on the ground. 


U. S. Navy is having sleepless nights, 
despite reports to the contrary, what 
with the war in Europe and its new un- 
conventional Secretary Charles Edison 
upsetting some of its time-honored tra- 
ditions. First among its problems, which 
also worry Congress, is whether and how 
to reorganize the various bureaus for 
more efficient ship construction. It seems 
that un-coordinated design actually went 
into those top-heavy destroyers. Another 
problem is whether to build battleships 
of 50, 60, 70 thousand tons. And the 
latest headache is a demand by build- 
ers for subsidy for increasing way facili- 
ties. Navy accordingly asked for ac- 
counting responsibility, which now re- 
sides with Treasury. In an under-cover 
dispute between the two Departments. 
President Roosevelt sided against his 
beloved Navy. 


Weather information, to answer 
thousands of calls telephone companies 
in several cities are installing a voice 
reproducing machine which repeats the 
current forecast about once every 30 


seconds. The forecast is a public serv- 


ice by local offices of the U. S. Weather 


Bureau. Recordings are on steel tape 
and connected with a number of tele- 
phone circuits. While one machine is 
out of service during a recording, an- 
other carries on. A third is held in 
reserve. As many simultaneous calls 
can be handled as there are communica- 
tion lines available. 


Weather forecasting, based on the 
collection of upper-air data to heights 
of 15% miles by means of redio sound- 
ings from small unmanned balloons, 
soon will make use of a new device for 
measuring relative humidity which util- 
izes the phenomenon of variation in con- 
ductivity of a hygroscopic salt when ex- 
posed to different relative humidities. 
Three stations now use the device. 


Barbed wire entanglement for the 
air has been developed by the War De- 
partment. A length of steel tape 
attached to a parachute is packed in a 
shell which is fired from a regular gun 
to a height of some 25,000 feet. At the 
peak of its trajectory the shell releases 
its pack. The ’chute opens and hun- 
dreds of feet of tape unwind and float 
slowly down. The wire fouls propellers 
and controls of attacking planes. Mili- 
tary authorities here are hopeful that 
a sky-full of such a mess will be very 
effective. Probably it will be tried out 
in the European war. 


New air conditioning equipment 
in the Justice and Post Office buildings 
here has failed already. to the extent 
that condensers have to be retubed at a 
cost of $15,000. It was thought at the 
time of installation that the steel tubing 
employed would be satisfactory. But the 
chemicals: attacked the steel, and brass 
tubing is being substituted. 


Windmill flying machines again 
are in the Army’s eye. The Air Corps 
has called for a competition on auto- 
gyros. Anybody having a standing in 
the field can get in, with ideas on blue 
paper or in the air. Helicopter designs 
will be admitted also. A lot of first rate 
brains are concentrating on “hovering 
craft” design these days, following suc- 
cessful results, especially in Germany. 
As we've said before, some good authori- 
ties think there will be no private plane 
industry till its built on rotary wings. 
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TWENTY-FIVE REMINDERS OF SCOVILL 


The design engineer looking for a reliable source of supply 
for metal products need look no further than his own office to 





be reminded of how Scovill is servicing other manufacturers 
with metal parts and products to order. 


Daily, when he picks up the dictaphone or telephone, or goes 
to the filing cabinet — or turns on the air conditioning unit—he is making use of the products of other manufac- 
turers who have come to Scovill for quantity economical production of their various metal manufacturing require- 
ments. Or in his car, his kitchen, or inside a power plant — evidence of Scovill’s part in industrial affairs, would 
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be equally plentiful. For Scovill — known by some to manufacture brass 
sheet, by others to make brass buttons — works in many metals for many 
industries. 

Drawn and stamped parts, metal part assemblies, as well as completely 
finished parts ready for assembly are produced from aluminum and steel 
as well as copper alloys. Turned and cold headed parts, cap and machine 
screws are results of Scovill’s versatile manufacturing ability. 

You can join the thousands of firms using Scovill’s facilities to advantage 
—a combination of designing—engineering— manufacturing. Write today 
for the booklet “Masters of Metal” which gives the Scovill story in detail. 
Please address 35 Mill Street, Waterbury, Connecticut. 





Boston, Providence, New York, Philadelphia, Syracuse, Pittsburgh, Detroit, Chicago, Cincinnati, San Francisco, Los Angeles 
IN CANADA: 334 King Street, East, Toronto, Ontario 


April, 1940 
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Lightweight “‘kickless”’ cartridges 
for all 0.30 caliber weapons will shortly 
be adopted by the Army. In an address 
before the National Rifle Association, 
Major-General Charles Wesson reported 
on successful experiments with the new 
bullet, which the Army is now using in 
all weapons except aircraft machine 
guns. 


Aviation’s most dreaded peril, 
engine fires, have been the subject of 
considerable research by the CAA en- 
gineers. According to A. A. Dallas, 
aeronautical engineer in charge of the 
CAA’s experiments, a device has been 
perfected which will indicate imme- 
diately that a fire has broken out in the 
engine compartment and which will per- 
mit the pilot to extinguish the fire with- 
out leaving the plane’s controls. The 
principles involved are not new, although 
this is the first time they have been 
applied to aircraft. The extinguishing 
agent is carbon dioxide, although carbon 
tetrachloride, methyl bromide, or a sub- 
stance in powder form which produces 
carbon dioxide in the presence of heat, 
can also be used. 


Luxury liner to aireraft carrier. 
The Maritime Commission has called 
for bids on two 35,000-ton liners which 
can be quickly converted to plane car- 


riers for the Navy. Stacks are on the 
starboard side; the top deck, relatively 
free of obstructions, can be extended to 
nearly full vessel length of 759 ft. Han- 
gar space can be provided below by 
burning out uprights. Of course these 
ships will have no armor, but Navy 
carriers are only thinly armored anyway; 
their job keeps them well away from 
enemy fire. These will be the largest 
ships ever built in American yards. Speed 
will be 24 knots. Liners are to be oper- 
ated by a private company on the Pacific. 


Bigger and better explosives, 
which will kill more people and destroy 
more of man’s works much more effi- 
ciently have been described to Congres- 
sional military committees by Lester P. 
Barlow, bomb designer for the Glenn L. 
Martin Company, aircraft manufacturers. 
So convincing was Barlow’s collection of 
photographs, affidavits, and other proofs 
of his terrible weapon that the Senators 
ordered the stenographic notes of the 
meeting burned. Barlow held patents on 
explosives used during the World War; 
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sued the Government for infringement; 
collected $600,000. He told newsmen his 
new concoction is based on the use of 
liquid oxygen and carbon. 


Technocracy again raises its automa- 
tonic head. But the idea, this time, is to 
chop it off. Tax concessions as a reward 
to employers for increasing man power 
and reducing mechanization have been 
proposed in a new bill offered in Con- 
gress. The Temporary National Eco- 
nomics Committee is making a study to 
determine whether some industries have 
carried technological methods too far, 
thereby creating unemployment. Critics 
here are quick to point out American 
creators of the machine system have been 
honored for taking the drudgery off 
men’s backs. They say there is no road 
back; we’ve got to find a way to make 
machinery fit into our economic system. 


New application of diesel power 
has been accomplished by the Navy in 


three new fleet tugs. Four engines drive 
a single propeller. Each engine has its 
own generator and motor. The vessel can 
be driven at fair speed by one or two of 
the engine-generator-motor units, the 
additional diesel units can be cut in for 
high speed, or for heavy loads, or, the 
unused engines can furnish power for 
electric towing winches. The engines are 
12 cylinder, two-cycle V-type, built by 
General Motors. 


New water meter, to analyze the 
rate of variation of flow of water 
through plumbing fixtures, has been 
developed by the Bureau of Standards 
in cooperation with the plumbing manu- 
facturers’ research association. The me- 
ter consists of an annular “bucket 
wheel” in a horizontal position closed 
around the periphery and open at the 
top. Its outside diameter is 504% in. Each 
of the 60 compartments, of 2.5 gallon 
capacity, is provided with drainage fit- 
tings from which the water is drawn 
into volumetric glass graduates. These 
volumes, when plotted against time, give 
a curve showing variation in discharge. 


Lighter-than-air design is being 
rescued from possible oblivion by the 
Navy. Secretary Edison has just sub- 
mitted to Congress a report by a com- 
mittee appointed to study the matter. 
This report points out that blimps (non- 


rigid airships) are valuable for patrol 
duty, and recommends that the Navy 
build them in large numbers. Medium. 
size dirigibles (rigid construction) 
should be built to continue the usual 
services, and to perpetuate the art 
through training. The Navy is advised to 
build experimental ships of great size 
later on to carry airplanes. The commit- 
tee claims that the little work which has 
been done in buoyant flight does not 
justify abandonment of the art and that, 
furthermore, the advantages lighter- 
than-air does possess are greatly multi- 
plied by the fact that this country has 
a world monopoly on helium. 


Educational orders totaling $6,510,- 
000 had been placed this fiscal year, as 
this is written. That leaves about $7, 
740,000 of the $14,250,000 appropriated 
still to be spent by July 1. It is expected 
most of the awards will be made within 
the next sixty days. That would end the 
program on a large scale, except that 
Congress is expected to authorize an- 
other big appropriation for 1941. The 
“orders” have been highly successful 
from a military point of view, and they 
have given many firms and individuals 
a new insight into munitions design. 


Newest things in aerial warfare 
abroad are armor plate protecting pilot 
and engine, and “rubber” gasoline tanks, 
which close when punctured by bullet 
holes, and permit only slight leakage. 
The armor is thin but tough, and is 
angled to deflect 0.30 caliber bullets. 
Fifty caliber machine guns are being 
widely manufactured now, but they have 
not as yet put in an appearance in the 
war. 


Airplanes for the Allies are becom- 
ing more and more important in U. S. 
foreign policy. We turned down a de- 
mand by England that our industry 
standardize on three types of ships to 
expedite delivery and maintenance in 
action and to reduce cost. This country 
wants Allied orders to aid in building 
up our production plant in all cate- 
gories of military planes—not just three. 
But the Administration seems determined 
to release for export to the Allies all 
our models in production, reserving only 
our newest developments on blue paper 
and in development. Of course we do not 
let them have bomb sights, armament, 
and important accessories. 
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METAL PARTS 
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by MASTERS of METAL 
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Contract manufacturing by Scovill means making metal 
parts or products to order in quantity as required by other 
manufacturers. This Scovill service covers a widely diversi- 
fied range of products as shown by the collection illustrated 
above. Forgings, drawn and cold headed parts, stampings, 
machine screw products are shown — in a wide variety of 
metals, since Scovill works in brass, steel, aluminum, copper, 
nickel silver, bronze, and other base metals. These products 
go to a long list of basically different industries. 


Scovill’s complete facilities permit either simple fabrica- 
tion or intricate series of operations extending from blank- 
ing and drawing through piercing and forming to enameling, 
plating and lacquering. 


Many a manufacturer has found in Scovill the successful 
answer to his source of supply problem. ‘‘If it’s to be made 
of metal — try Scovill’’ has become standard practice, re- 
sulting in savings, for scores of industry’s leading firms. 

You can have the Scovill story in detail by sending 


for the illustrated booklet ‘‘Masters of Metal.”’ 
Please address 35 Mill St.,Waterbury, Connecticut. 





Boston, Providence, New York, Philadelphia, Syracuse, Pittsburgh, Detroit, Chicago, Cincinnati, San Francisco, Los Angeles. 








SCOVILL INGENUITY DID THE JOB 


This shell demonstrates a unique production 
method developed by Scovill . . . one that fulfilled 
unusual requirements in an economical way. 

The upper half of the shell required a wall thick 
enough to take a thread without weakening. For the 
lower half, a thinner wall gave ample strength. And 
it was necessary that the outside diameter be uni- 
form over its entire length. 

Scovill worked out an ingenious method of manu- 
facture that strengthened the upper half of the shell 
by providing the extra thickness on the inside only. 
The new method involved no increase in the total 
number of operations . . . and made a substantial 
saving for the customer by reducing the weight of 
metal in the shell. 


Saill 


MANUFACTURING COMPANY 
WATERBURY, CONN. 


In Canada: 334 King Street, East, Toronto, Ontario 
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Wage hour law on engineers, 
draftsmen and technicians has never 
been clearly defined. The result is that 
many employers observe the hour-week 
regarding these classes fearing they 
might be liable to suit for back wages. 
Many others believing that they are not 
covered by the law, pay little attention 
to the hours provisions regarding any 
salaried workers. Hearings now in 
progress at the Wage Hour Division of 
the Labor Department look toward clari- 
fication of the law by proper interpreta- 
tion. Washington opinion is that tech- 
nical professions will be exempt. An 
interpretative bulletin will be issued by 
the administration if employers continue 
to be dissatisfied. Exemption amend- 


ments now pending in Congress will be 
pushed for early approval. 


War Department program of 
“know how” orders to manufacturers for 
strategic materials and munitions has 
been drastically curtailed by Congress to 
the extent of about $14,250,000. Rea- 
sons for change are the increasing or- 
ders from Europe for war supplies giving 
industries the desired experience without 
necessity of Federal educational orders. 


Diesel engine application js due 
for wide expansion in industry and mod- 
ern technique in housing afford the best 
outlook for new industries is the pre- 
diction of Charles F. Kettering, vice- 
president of General Motors Corporation, 
testifying at a recent meeting. Immediate 
trouble, is the lack of projects into which 
the inventive force of the nation can set 
its teeth. for greater development. 


TNEC’s hearings on technology 
seem to indicate that the investigation 
is not aimed in the direction suggested 
in Chairman O’Mahoney’s inopportune 
bill which would penalize the use of 
machines by making tax concessions to 
employers who use more handcraft. 
Rather, the Committee’s economists tend 
to pass over technological unemployment. 
What they are actually emphasizing is 
an economy in which public spending 
makes prosperity. 

Theodore Kreps, a college economist 
borrowed by TNEC, testified that only 
about one third of all inventions are 
labor savers; about 45% create new 
kinds of goods, and though they do dis- 
place existing industries, they don’t cre- 
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ate unemployment. The Committee was 
told about another class of inventions; 
those that save capital. This type tends 
to reduce the investment required to 
produce a given output. It is the $500 
machine which will do the work of a 
$1000 machine. 

In 1936-37, physical industrial output 
was 25 per cent greater than in 1923-24, 
but investment in fixed capital was only 
2 per cent greater. The apparent conclu- 
sion from these facts is that any vast 
demand for capital goods which would 
re-employ those dropped from displaced 
industries is very doubtful. 


Naval war games in the Pacific this 
year have taken a new trend. Fleets and 
air services of Europe have geared the 
U. S. Navy to test out many new tech- 
niques, rather than devote heavy activ- 
ity to war problems. Unofficially it is 
said the admiralty is busy studying meth- 
ods of strengthening its defense at sea 
against aircraft. New methods of defense 
with mines, and the apparent failure of 
submarines to stop merchant and naval 
activity, as it did in the other war, are 
being tested. Far-reaching changes in 
naval warfare may result from the pres- 
ent war, although the Navy has admitted 
that they are not imminent as yet. 


Garand rifle defects were brought 
out in committee hearings on War de- 
partment appropriations for 1941. Total 
requirement of these new semi-automa- 
tic weapons is about 241,000, nearly all 
of which have been delivered or are in 
production. Investigation by Congress 
showed an unsatisfactory sight, inaccur- 
acy beyond 600 yards, lubrication diffi- 
culties, poor performance with certain 
types of ammunition and trouble with 
the barrel-head. Latest production of 
the gun includes improved sights and a 
one-piece barrel. Range and accuracy 
are still controversial with the General 
Staff making a full investigation. 


First all-instrument flight was made 
the other day by Major Carl B. McDan- 
iel of the Air Corps. This 300-mile trip 
from Mitchel Field, N. Y., to Langley 
Field, Va., culminates ten years of en- 
gineering against stubborn odds. Eight 
years ago Major Albert F. Hagenberger 
made a blind solo flight at Dayton. But 
now an airplane has been lifted and set 
down on a distant mission, with the pilot 


under the hood from stand-still to stand- 
still. It was done in a Boeing four-en. 
gined “flying fortress” with two other 
officers and four enlisted men, who were 
not under the hood, but who gave Mec- 
Daniels no help whatever. A radio 
directional beam was followed; radio 
vertical beam markers indicated the 
approach; the landing was made on the 
double beam (directional and glide path) 
projected by a portable plant placed at 
the up-wind end of runway. This achieve- 
ment opens the way to extensive military 
operations in bad weather. Blind landing 
systems are being installed by the Civil 
Aeronautics Authority cities for experi- 
mental work by the airlines. 


Twice as big as the flying fortress 
which weighs 30 tons is the latest an- 
nouncement in the War Department air- 
craft building program. This new 
Douglas 70-ton four-engined all-metal 
bomber is the largest airplane in the 
world and will be flight-tested next sum- 
mer. Among its features are 16-foot 
three-blade propellers, and a three- 
wheeled undercarriage. Cost of the ini- 
tial plane will be near $1,000,000. Pro- 
duction units would cost about $350,000. 
Exaggerated reports that it would fly 
to Europe with 28 tons of bombs and 
return have been made. A round-trip 
attack between here and Europe is not 
yet possible according to War Depart- 
ment officials. Actually the ship is de- 
signed for operations in the Western 
hemisphere. The ship is intended for 
Army use and it will not be sold to the 
Allies, who are not in need of long range 
bombardment equipment. 


World’s greatest X-ray tube, de- 
veloped by the General Electric Company 
and the Bureau of Standards, will be 
installed-at the Bureau and ready for use 
by May 15. The unit stands 28% ft. 
high, is composed of a series of ten ele- 
ments in glass cylinders. A beam of 
electrons starting at the top, gets a 140,- 
000 v. kick in each cylinder, and reaches 
its objective at 1,400,000 v. Its imme- 
diate purpose will be to measure X-ray 
dosages for malignancy. The Bureau 
has standardized dosage up to 400,000 
v. during past years. Now it will jump 
to a million. This machine will do the 
work of $150,000,000 worth of radium, 
more than is now in use in the United 
States. X-ray laboratory will contribute 
much to industrial knowledge, too. 
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Manufacturers of many a product 
that might be found in yourkitchen... 
use Scovill’s manufacturing facilities. 

Many need metal parts made bet- 
ter, or faster, or more economically 
than they could make them them- 
selves. Some contract to have Scovill 
do a complete manufacturing job— 
from base metal to shipping. Others 
depend upon Scovill for handling 
their surplus orders, rather than in- 
creasing their own facilities. 

Hundreds of other manufacturers 
—of refrigerators, clocks, electrical 
equipment, cosmetics, underwear— 
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give Scovill the job of making parts. 
Because Scovill—with its wide scope 
of production equipment, its metal- 
lurgists and stylists, already making 
thousands of items of metal — can 
usually find a way to assist its cus- 
tomers in fabricating their products 
to sell for lower cost, or to a wider 
market. 

Metal part assemblies, drawn and 
stamped parts, completely finished 
parts ready for assembly, cap and 
machine screws, turned and cold 
headed parts are made by Scovill 
from aluminum, copper alloys, steel. 





SCOVILL 


SUPPLIES INGREDIENTS 
FOR IDEAS YOU COOK UP! 


Write for the booklet, “Masters 
of Metal” —it gives the Scovill story 
in detail. Just drop a line today to 
35 Mill Street, Waterbury, Conn. 


Scovill 


MANUFACTURING COMPANY 
WATERBURY, CONN. 








Boston, Providence, New York, Philadelphia, Syracuse, Pittsburgh, Detroit, Chicago, Cincinnati, San Francisco, Los Angeles. 
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Design for destruction will thrive 
from now till nobody knows when. The 
United States is beginning to rock to the 
rhythm of the war dance, and is off on an 
armament-building program that may be 
doubled and re-doubled. Right now opin- 
ion puts most emphasis on navy expan- 
sion and mechanization of an army a 
million strong. Some Congressmen are 
advocating expansion of aircraft building 
capacity to 30,000 or 50,000 a year. But 
this will depend on allied demand, for the 
military is convinced that foreign air- 
power cannot reach American shores in 
present years. Airplanes obsolesce almost 
annually; probably we will not build any 
great number of them for ourselves. Engi- 
neering will center around new army 
ordnance, changes in warships to with- 
stand airplane attack, and aircraft de- 
velopment. Of course, despite the grim 
demonstration of new war gear overseas, 
a strong bloc in Congress, backed by 
substantial public opinion, will attempt 
to show that this country is in no danger 
of attack for years to come. 


Air advantage over warships long 
had been known to progressive military 
experts but only suspected by laymen. 
Few authoritative statements were ever 
made till Navy Secretary Charles Edison 
profoundly jolted the United States the 
other day when he told this writer and 
others that airplanes have a “temporary” 
advantage over warships. He insisted that 
air bombs cannot sink battleships, but 
he admitted that certain naval operations 
within range of land air bases are now 
impractical. Ships now building and in 
service should be protected on their top- 
sides against flying bomb fragments and 
splintered materials, and new construc- 
tion should be “basically” redesigned 
above deck. Naval architects assumed he 
meant to put steel turtlebacks on the 
ships. The Secretary also said that many 
sides and bottoms are too thin and that 
they will have to be strengthened against 
modern mines and torpedoes. 


Air supremacy over land also, as 
demonstrated by the Nazis in Belgium 
and Holland further dismayed rule-of- 
thumb militarists. Conservative army men 
who have argued for years that you can- 
not take and hold territory with airplanes 
have come out of their shells and are 
frankly looking around to see what’s 
going on. As this is written, the President 
and his defense council are preparing to 
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ask Congress to authorize limited ex- 
pansion of air power which would serve 
to keep the Air Corps up-to-the-minute 
technologically. 


Garand rifle argument was largely 
a waste of talking wind. It was started 
by a private citizen, a range marksman, 
who managed to snare a Garand and 
test it, and by an ex-marine named John- 
son, who wanted to sell the army a new 
rifle he had invented. Statements by these 
men turned into a critical snow-ball 
which rolled right into Congress. The 
demonstration at Fort Belvoir, ordered by 
the War Department, convinced a score 
of members of military affairs and mili- 
tary appropriations committeemen that 
both the Garand and the Johnson are 
fine guns. The fact is that new weapons 
and products are always being submitted 
to War officers and many have new merits. 
But not enough to justify a change in 
the costly mass production set-up that 
is necessary to equip an army. War De- 
partment officials tell this writer that 
they are ready to go to war with the 
Garand. Critics said the Garand got 
too hot to hold when fired rapidly; that 
it was inaccurate over 600 yards; that it 
was hard to lubricate; that it fouled up 
and had to be dismantled and cleaned 
too often. Painstaking tests and reports 
by four division commanders seem to 
show that these charges are not well 
founded. 


Farm machine designers are called 
upon by Fowler McCormick, vice-presi- 
dent of International Harvester, in testi- 
mony before TNEC, to develop imple- 
ments for harvesting and loading sugar 
beets; a combine to pick, husk and shell 
corn in one continuous operation, similar 
to present harvesting of wheat; a sugar 
cane harvester—a difficult engineering 
job because cane varies so much in size; 
and a practical cotton picker. Successful 
beet harvesters are built, but none small 
enough for one-farm ownership. Farm 
equipment engineers are constantly in 
the field working with growers toward the 
solution of these problems. 


Wage-Hour law interpretation 
still does not clarify the status of engi- 
neers, draftsmen, technicians. Hearings 
on these occupations are scheduled for 
June 3, probably to be followed by new 
interpretative bulletins. Meanwhile em- 


ployers must continue to use the.» own 
judgments as to whether their workers 
are covered. Defeat in Congress of all 
wage-hour amendments, which would 
have modified the law was partly due to 
political maneuvering but mainly the 
result of heavy labor pressure to keep 
the statute intact. 


Bureau of Standards has reports on 
a method for the application of friction 
and heat-dissipating data to the deter. 
mination of the load-carrying capacity 
of a journal bearing when operating with 
a lubricant of known characteristics . , , 
On the effect of painting on the sound 
absorption of acoustic materials . . . On 
the isolation of hydrocaibons from petrol- 
eum ... On the photochemistry of sheet 
materials .. . Henry W. Bearce becomes 
head of the Division of Weights and 
Measures . . . The Bureau has installed 


a new inertia type machine for testing 
brake lining, with cooperation of Brake 
Lining Manufacturing Association. 


Industry is full of surprises, TNEC 
hearings on technology revealed. Edsel 
Ford said the Ford Company built its 
small rural plants near Dearborn simply 
“to show how a small. stream could be 
developed hydro-electrically” and then 
discovered that costs were less than at 
the main plant. Union Pacific introduced 
its streamlined trains, according to 
Charles F. Kettering, “so people would 
look at a train again” and found they 
paid. 


Dial telephone was the only machine 
attacked at TNEC hearings as anti 
social. Union witnesses said the dial re 
duced employment opportunities without 
saving any labor—merely transferring 
work from employees to subscribers— 
while giving inferior service, particularly 
in emergencies. Company representatives 
said modern traffic could not be handled 
on the manual system. Other gleanings: 
Auto union leaders are worrying about 
unemployment that may be caused by the 
next big change expected in cars—plastic 
bodies, which have already been tried in 
Europe .. . The steering post gearshift, 
Ford says, has 40 parts as compared with 
two for the floor type . . . Payroll and 
purchases for each Model T, with 5,000 
parts, cost $454.42; for the Model A, with 
6,000 parts, $526.84; for the V-8, with 
16,000 parts, payroll and purchases 
amounted to $683.23. 
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“Fighting fire with water” is a traditional 
2 phrase but this modern fire extinguisher fights 
7. fire with carbon dioxide gas and does a good 
ty job of it, as all tests have proved. 
th The carbon dioxide is highly compressed 
ns and held gas-tight in the pressure cylinder — 
p yet instantly available through the trigger- 
i} controlled release valve. 
et The valve mechanism, the trigger control, 
es and the handle support on the extinguisher are, 
id on most models, a Scovill-made brass forging. 
; On models for use aboard aircraft where a sav- 


y ing in weight is important, a Scovill aluminum 
forging is used. The forging is 5” long, 23⁄4” 
high and about 2” wide. In brass it weighs 11⁄4 

















C Ibs. — in aluminum 6⁄2 ounces. 
el This is another of those jobs where a manu- 
its facturer’s requirements for a specially-made, 
ly accurate metal part were exactly met by Scovill. 
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ENGINEERING IN WASHINGTON 


McGRAW-HILL WASHINGTON BUREAU, PAUL WOOTON, CHIEF 


National Defense Research Com- 
mission, recently appointed by Presi- 
dent Roosevelt, will coordinate all the 
country’s research facilities valuable to 
defense development except those con- 
tributary to aircraft improvement. The 
National Advisory Committee for Aero- 
nautics and the Military Services will 
continue to be responsible for aviation 
research. Dr. Vannevar Bush, member 
of N.A.C.A. and head of the Carnegie 
Institution of Washington, will head 
up the new Defense Research Com- 
mission. He will not resign from 
N.A.C.A. Other members appointed 
are: Dr. J. B. Conant, president of 
Harvard; Dr. Richard C. Tolman, Cali- 
fornia Institute of Technology; Dr. 
Karl Compton, president of M.LT.; 
Conway P. Coe, Commissioner of Pat- 
ents; Dr. Lyman J. Briggs, director of 
Bureau of Standards; Dr. F. B. Jewett, 
president of National Academy of 
Sciences; and Secretaries Harry Wood- 
ring and Charles Edison of Army and 
Navy. It was assumed that the man 
who succeeds the resigned Edison will 
also succeed to the research post. As 
this was written, no information was 
available as to what research problems 
will be considered first or when the 
commission will start work. 


Automotive Engineers at their Sum- 
mer Meeting announced the setting 
up of a National Defense Committee 
to coordinate wide-spread activities 
already undertaken by S.A.E. Mili- 
tary and government branches will be 
aided in four ways: (1) by arranging 
for and handling advisory services 
through committees; (2) by acting as 
liaison between the government and 
the technical talent of the automotive 
industries; (3) by providing S.A.E. 
representation on government commit- 
tees and vice versa; (4) by develop- 
ing much-needed standards. Headed 
up by B. B. Bachman, vice president 
in charge of engineering of Autocar 
Company and a past president of the 
Society, the committee includes as 
members: John H. Hunt, chairman of 
S.A.E. Standards Committee; George 
W. Lewis, member N.A.C.A. and S.A.E. 
Research Committee chairman; and 
Col. H. W. Alden, chairman of S.A.E. 
Ordnance Advisory Committee. Other 
members may be added. The Ordnance 
Advisory Committee has been collab- 
orating with Army since World War I 
on mechanized equipment. Army men 
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still remember the astounding feat of 
a handful of automotive engineers who, 
during the first war, threw together 
plans for the famous Liberty aircraft 
engine behind closed doors without 
stopping for sleep. 


Big engineering problem before 
this country right now is the design 
and manufacture of a suitable in-line 
liquid-cooled airplane engine. We 
have the world’s finest high-power 
radial air-cooled engines. But to put 
those last measures of efficiency on air 
force that may mean the vast differ- 
ence between defeat and victory, we 
need a high-power in-line plant, with 
low-drag frontal area for the fast 
bombers and super fighting ships. We 
have two or three excellent in-line 
plants, but competent air authorities 
say none of them can work satisfac- 
torily when pushed up to necessary 
high power brackets. In an effort to 
solve the problem, the British Rolls 
Royce Merlyn, reputed world’s best 
line engine, has been brought here for 
examination with a view to mass pro- 
duction. The Rolls tradition is hand 


craft; the job will be extremely diffi- 


cult. It’s not pleasant news to write, 
but we can’t go “full speed ahead” 
with airplane production till we get 
the in-line engine job done. 


Mass production of wooden air- 
planes in plants other than metal-work- 
ing, is a good trick, if somebody can do 
it. This would mean a great potential 
increase in the country’s production 
capacity. Wood-laminated planes have 
been flown successfully for 25 years or 
more. The latest thing successfully 
demonstrated is ply-wood impregnated 
with plastic. Almost all of Italy’s air 
fleet is wood, with steel and dural 
frames. We could stress the skin, or 
use frames, or both. Strength of wood 
construction is entirely adequate. Pro- 
duction is as fast or faster than metal. 
Weight is comparable. The big saving 
is in material cost, dural being as ex- 
pensive as it is. 


Big gums are in the Navy’s mind 
again. Years ago an 18 in. rifle was 
built, but the treaty limit soon was set 
down to 16-in. and the gun was lined 
down accordingly. But now that all 
treaties are off, return to 18-in. is 
being discussed. Admiral Stark, testi- 
fying before the House Naval Affairs 


Committee, said the bigger gun woul: 
increase the range to around 45,000 
yards, or near 30 miles. But at such 
range the enemy is out of sight, and 
hitting is poor. The large calibers 
would be considered for 70,000-ton 
ships, but they are in disfavor because 
the Panama Canal would not take 
them. 


Airplane armor needed to protect 
pilot and vital parts of ship and engine 
presents a fine opportunity for metal- 
lurgists. Apparently the Allies failed 
to realize the value of armor till it 
was demonstrated by the Germans in 
Poland. More than one steel company 
is already trying to achieve a lighter, 
tougher alloy. Meanwhile, of course, 
the caliber of airplane guns is increas- 
ing. Maj. Gen. H. H. Arnold, chief 
of the Air Corps, says we must go 
from .30 to .50 caliber or even 20mm. 
guns. That will call for still better 
armor plate. 


Parachute fire fighters have been 
equipped by the Department of Agri- 
culture with a two-way radio unit, 
weighing 6 lb., dimensions 2 x 44 x 12 
in., operating on 30,000 and 40,000 kc, 
and an outside range of 100 miles. It 
was developed by H. K. Lawson and 
others of Forest Service. “Smoke 
jumpers” ‘use large ‘chutes’ with 
descent rate of only 12 ft. per sec. and 
special protective harness for landing 
among trees. Pilot first scouts fire, 
drops wind-direction-test chute; circles, 
drops fire fighter with radio; third 
circle, drops burlap chute loaded with 
tools, first aid, and other supplies. 


Incidentally: A fire control mechan- 
ism in Army’s possession compensates 
for the movement of the vehicle upon 
which gun is mounted. Perfected by 
Westinghouse, few persons know how 
it works... . . Army also has a new 
airplane detector that works in fog and 
dark, gives 15-min. warning of enemy 
approach. . . . For 5¢ the Government 
Printing Office will send you a booklet 
(H-36) of regulations by two states on 
use of electrically charged fencing that 
shocks animals when they touch it. We 
guess it would shock homo sapiens too 
—in case you want to fence in your 
gladiolas. . . The Bureau of Stand- 
ards will tell you how to inhibit rust 
in iron or steel air conditioning sys- 
tems; ask for RP1305 by James H. 
Wilson and Edward C. Groesbeck. 
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Aviation has been quick to take ad- 
vantage of Scovill’s ability to help a 
rapidly expanding industry increase 
production efficiency. Scovill’s ex- 
perience and modern metal work- 
ing equipment have been utilized 
to produce metal parts to order 
economically, to manufacture prod- 
ucts complete, and to supply copper 
alloy Mill products in the form of 
sheet, rod, wire and tubing for cus- 
tomers to fabricate. 

Aluminum pressings for oil filters; 
Boots Self-Locking Nuts for air- 
craft Construction; cowl fasteners; 
parts for instruments, thermostatic 
and electrical devices; copper tub- 
ing; all made with the precision, 


lightness and strength demanded 
by aviation, give only a partial view 
of Scovill’s scope in serving indus- 
try in general. 

Scovill works in many metals for 
many industries. Drawnand stamped 
parts, metal assemblies, as well as 
completely finished parts ready for 
assembly, are produced from alum- 
inum and steel as well as copper 
alloys. Turned and cold headed 
products, special screws, specially 
formed parts and products are re- 
sults of Scovill’s versatility in manu- 
facturing. 

You can join the thousands of 
firms using Scovill’s facilities to 
advantage — designing and engi- 
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neering assistance combined with 
manufacturing service. Write today 
for the booklet “Masters of Metal” 
which gives the Scovill story in de- 
tail. Please address 35 Mill Street, 
Waterbury, Connecticut. 
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Defense research is an important 
national asset in the opinion of Dr. 
Vanevar Bush, chairman of the Na- 
tional Defense Research Commission. 
He says that the United States can “cut 
rings around any other nation in the 
world in the development of defense 
weapons.” This is a broad promise, 
but Dr. Bush ought to know. The Re- 
search Commission is hard at work, 
studying defense mechanisms, at head- 
quarters in the Carnegie Institution on 
peaceful P Street. If you ask What 
mechanisms? you will not be told. Our 
guess, to name three: active uranium 
for steam generation; a flat engine for 
inner-wing installation; a steam air- 
plane engine. There is talk of a com- 
mittee, maybe in the Defense Commis- 
sion, to clear “ideas and inventions,” 
which come in by hundreds, mostly 
screw-ball. But some of them are good 
enough to make the nuisance tolerable. 


In electrodeposition, the concen- 
tration of material in the bath is lower 
within 0.012 to 0.020 in. of the cathode 
than it is in the body of the solution. 
Thus, says Abner Brenner of the Bureau 
of Standards, the solution from which 


the metal is deposited has a composi- 
tion that is different from that of the 
body of the bath. It has been known 
for some time that knowledge of the 
cathode film would be useful, but little 


was done about it. Mr. Brenner has 
developed a method of studying the 
film. He freezes it on the outside of a 
hollow cylinder, into which is poured 
the refrigerant, cooled with solid car- 
bon dioxide. He then puts the cylinder 
in a lathe and turns off the frozen 
solution in layers 0.003 to 0.005 in. 
thick, and analyzes it. This gives the 
thickness of the cathode film, and its 
concentration gradient. 


Engine tolerances have been relaxed 
as a speed-up measure. Dr. George 
Mead, working with Treasury Secretary 
Henry Morganthau and Henry S. Knud- 
sen, production man for the Defense 
Commission, has put the change through 
Army and Navy airplane specifications. 
Probably no engines with these wider 
allowances have come out of the plants 
as yet. You may not hear much about 
it when they do; resulting failures are 
not anticipated. American engines have 
developed as very fine machinery, good 
for 6,000 hours. It was the urge to 
safety in air transport that did this. 
But in defense we step down a bit. In 
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action, planes may be knocked down in 
a day or two; in peace they go obsolete 
in a year or two. 


Airplane standardization is now a 
realized fact. The Defense Commission 
has settled on a few leading models, 
including all the military types, and will 
stick to them regardless of pressure 
from engineers to make changes and 
improvements. Germany built its air- 
force on that basis. Standardization on 
types probably will put some of the 
smaller firms, not in the program, in a 
difficult spot. Demand for maximum 
production of planes, especially if Eng- 
land continues to fight, will force them 
to switch to accepted models of other 
companies, or subcontract parts. 


World’s biggest navy is now build- 
ing and authorized for the United 
States. It sounds reassuring to the pub- 
lic but plenty of responsible men in 
Washington wish they could feel as 
comfortable. Most navy authorities be- 
lieve that battle fleets can stand off the 
best present air forces. Furthermore, 
air power still doesn’t have enough 
range to worry this country from over- 
seas. But suppose air weapons soon 
acquire the range and the attacking 
power which will cause other nations 
to depend on air and stop building 
navies? The only thing you can do with 
a battleship is fight another battleship, 
so if nobody else has one, you’re em- 
barrassed. Our navy building program 
will take six or ten years; we could stop 
it; redesign it; or go ahead with it. 
But we can’t stop it now, merely on 
suspicion. 


Sixteen-inch guns established at 
coast bases would be one way of stop- 
ping any enemy who managed to get 
by our navy and air defenses at sea. 
Shore based batteries can defeat equiva- 
lent gunpower afloat, which is un- 
steady. This country has not made any 
16-inch guns, Army or Navy, for many 
years. The job of shrinking the re- 
inforcing cylinders on the breech of the 
tube, boring, lining and rifling, plus 
breech-block fitting, sights, and car- 
riage or mount, is difficult and com- 
plicated. There are only a couple of 
arsenals and possibly one or two manu- 
facturers capable of doing it. To in- 
crease productive capacity for appreci- 
able strengthening of coast defenses 
would take till nearly 1950. This is one 
of several phases of adequate defense 


which cannot be accomplished with 
mere appropriations; they take na- 
tional determination, time, and engi- 
neering skill. 


Every engineer should keep an eye 
on the vast skill training programs be- 
ing undertaken by the government 
through the Office of Education, Civilian 
Conservation Corps, the National Youth 
Administration, all coordinated by the 
National Defense Commission, under 
the leadership of Sidney Hillman. It is 
true that nearly all of the training 
planned now is hand-tool and shop-tool 
work. But the authorities have already 
mentioned possible extension to engi- 
neering and design. If there are plenty 
of engineers now, they will want to tell 
the government so. If there is a short- 
age, the government will train more— 
and it will tend to put its own trainees 
to work rather than older men. 


Strategie materials procurement is 
regarded much less seriously than it 
recently was. That is the statement of 
Edward R. Stettinius, in charge of raw 
materials for the Defense Commission. 
Stettinius was accused in the press of 
dangerous over-assurance on this sub- 
ject. If his critics had been at his press 
conference, they would not have made 
such mistakes. There are hard problems 
to be worked out, but Stettinius sees 
his way through all or most of them. 
Example: our tin sources have or may 
be shut off, except South America. 
Even Bolivian ore is smelted in Britain. 
The surprising fact is that we don’t 
know how to smelt tin. But we are 
getting people who do, and we will 
build plants. Some problems are sim- 
pler than that, but on rubber, tungsten, 
antimony, aluminum, toluol, optical 
glass, armor plate, aviation gasoline. 
chemicals—the boss materials man 
gives assurances. 


German plane performance has been 
notably poor and the Pritish think they 
have the explanation. Testing the gaso- 
line in numerous wrecks on their soil 
they find octane as low as 60, and the 
best fuel no better than 80, which is 
merely good automobile gas. The im- 
plication is that the Nazis used up their 
good fuel in the battle of France. From 
that great battle comes also news that 
German airplane production along 
toward the last was very junky, in- 
dicating sacrifice in workmanship and 
materials in-the interest of haste. 
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ED IVDURITE 


Helps Sales 


When a prospective customer opens the door of this modern 
refrigerator, the freezer door and the trim instantly say—qual- 
ity as well as good design and enduring beauty. 


The door and trim are aluminum, finished in Scovill “Indu- 
rite” and enamel. 


This “Indurite” finishing process* is adding new sales appeal 
to such widely separate aluminum products as lipstick contain- 
ers, vanity cases, refrigerator and electric range trim, and en- 
durance to automobile license plates, dipping forms for the 
rubber industry and screws for aviation requirements. 


“Indurite” finish is an integral part of the metal surface. It 
is highly resistant to damage by scratching, perspiration, heat, 
cold, perfume and alcohol. The finish is available in a full range 
of colors as well as metallic finishes, such as bronze, silver and 
gold color. 


“Indurite” can be used with frosted metal effects, with high- 
ly finished surfaces or with enamel. 


This particular finishing process is available only on parts 
made from aluminum, but Scovill works in many metals, sup- 
plies drawn and stamped parts, metal assemblies, screw ma- 
chine products, forgings and cold headed parts as well as com- 
pletely assembled products. 


Thousands of firms have used Scovill’s designing, engineer- 
ing and manufacturing facilities to advantage. These same fa- 
cilities may be of value to you. 


Write for the booklet “Masters of Metal” which tells the 
Scovill story in greater detail. Please address 35 Mill Street, 
Waterbury, Connecticut. 


*“Indurite” is a patented finishing process applied to aluminum 
products made to order by Scovill. 





New York, 


Boston, Providence, 


Philadelphia, Syracuse, 


Pittsburgh, Detroit, Chicago, Cincinnati, San Francisco, Los Angeles 


IN CANADA: 334 King Street, East, Toronto, Ontario 


September, 1940 





ENGINEERING SOCIETIES 


National Metal Congress 
To Be Record-Breaker 


Showing every early indication of 
marking an epoch in the technical ses- 
sions of the American Society for Met- 
als, the 21st National Metal Congress 
will be held in Cleveland, Oct. 21-25. 

A.S.M. will have approximately 14 
sessions besides educational lectures 
in the late afternoon and early even- 
ing. Cooperating societies also have 
programs well advanced. The Amer- 
ican Welding Society lists 55 papers 
to be presented at their sessions, while 
the Institute of Metals and the Iron and 
Steel Divisions of the American Insti- 
tute of Mining and Metallurgical En- 
gineers and the Wire Association also 
plan extensive programs. 

The National Metal Exposition, to be 
held in the Cleveland Public Audi- 
torium concurrently with the National 
Metal Congress, at this early date ex- 
ceeds the largest show that has ever 
been held in the history of A.S.M. 
More than 235 exhibitors have reserved 
90,000 sq.ft. of exhibit floor. 

Hotel Statler will be the headquar- 
ters for the American Society for Met- 
als, Hotel Cleveland for the American 
Welding Society and the American In- 
stitute of Mining and Metallurgical 
Engineers, and Hotel Carter for the 
Wire Association. 


A.S.M.E. Plans Discussions 
Of National Defense 


Realizing that the increased tempo 
in design and manufacture for national- 
defense purposes has brought many 
problems which can best be solved 
through discussion by groups of engi- 
neers, the American Society of Me- 
chanical Engineers plans to provide 
opportunities for such discussions at 
future meetings. 

Starting in September, each of its 71 
local sections will sponsor several local 
meetings on the engineering problems 
of national defense and will invite those 
present to make recommendations for 
their solution. Also planned is a series 
of national regional meetings which 
will bring together the outstanding en- 
gineers and manufacturing executives 
of the country to discuss the engineer- 
ing phases of defense. Two of the 
most important of these meetings will 
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be the fall meeting, to be held Sept. 
3-6 in Spokane, Wash., and the 6lst 
annual meeting, to be held Dec. 2-5 
in New York. 


Porcelain Enamel Institute 
Releases Forum Program 


Porcelain Enamel Institute’s Annual 
Forum will convene for the fifth time, 
Oct. 16-18, at the University of IIli- 
nois in Urbana. A tentative program 
recently released forecasts many papers 
of interest to design engineers. 

On Wednesday afternoon, Oct. 16, 
there will be a symposium on the use 
of clays in enameling, during which sev- 
eral authorities on the subject will 
speak. Motion pictures in color will 
be shown on Wednesday night, one of 
these covering the work being done for 
the Institute by the National Bureau of 
Standards. Important papers on Thurs- 
day will include discussions of infra- 
red drying and the proper design of 
drying equipment, and stretch testing 
of steel and a review of the Institute’s 
new test for the sagging of iron and 
steel sheets. 


Meetings 


American Society of Mechanical 
Engineers—Fall Meeting, Spokane, 
Wash., Sept. 3-6. C. E. Davies, 
secretary, 29 W. 39th St, New 
York, N. Y. 


Society of Automotive Engineers 
—National Tractor Meeting. 
Schroeder Hotel, Milwaukee, Wis., 
Sept. 24-25. John A. C. Warner, 
secretary, 29 W. 39th St, New 
York, N. Y. 


American Gear Manufacturers 
Association — 23rd Semi-Annual 
Convention, Skytop, Pa., Oct. 14-16. 
J. C. McQuiston, secretary, 602 
Shields Bldg., Wilkinsburg, Pa. 


Porcelain Enamel Institute—An- 
nual Forum, University of Illinois, 
Urbana, Ill., Oct. 16-18. Frank E. 
Hodek, Jr., chairman, 612 North 
Michigan Ave., Chicago, Ill. 


American Society for Metals— 
2lst National Metal Congress, 
Cleveland, Ohio, Oct. 21-25. Wil- 
liam H. Eisenman, secretary, 7016 
Euclid Ave., Cleveland, Ohio. 


CARLTON E. STRYKER 


S.A.E. Intensifies Work On 
Defense Aircraft Standards 


Responding to strong demands from 
Washington sources for further in- 
creases in aircraft standards activity, 
the Society of Automotive Engineers 
recently appointed Carleton E. Stryker, 
well-known Pacific Coası aircraft en- 
gineer, to take charge of the Society’s 
national defense responsibilities in es- 
tablishment of standards for aircraft. 

Confirming the importance of the 
work expected of S.A.E. in the current 
preparedness program, T. P. Wright. 
Curtiss-Wright vice president who is 
now consultant to the Aeronautical sec- 
tion of the Knudsen-headed division of 
the National Defense Advisory Commis- 
sion, issued a statement explaining 
that S.A-E. would be expected to under- 
take consolidation of standards work 
pertaining to aircraft and aircraft-en- 
gine parts and materials because “‘it al- 
ready possesses the system and the 
machinery for carrying out the job 
based on wide experience in carrying 
through a highly successful standardi- 
zation program for many years.” 

Mr. Stryker comes to his post on the 
headquarters staff of the S.A.E. from 
Burbank, Calif., where he has been 
associated with Bendix Aviation, Ltd. 
He has been in the aeronautical indus- 
try since 1917, acting at one time as 
consultant for the Aeronautics Branch 
of the Department of Commerce. 
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Wherever your day’s work and 
play take you, you'll see signs of 
Scovill’s services to Industry: mis- 
cellaneous and sundry metal parts 
made to order for other manufac- 
turers to assemble into their own 
products—complete products which 
other manufacturers merchandise 
and sell without further processing 
—parts and products prod by other 
manufacturers from Scovill’s Brass 
Mill Products. 

Scovill’s contract manufacturing 
department is equipped to manu- 
facture from brass, copper, alumi- 
num, steel, and other base metals 
and alloys. Turned, cold headed, and 


EVEN AT PLAY.. 


forged parts; screw machine prod- 
ucts; drawn and stamped parts; etc., 
are turned out in quantities on high- 
production, versatile machinery. 
Scovill’s service also includes facili- 
ties for enameling, plating, lacquer- 
ing, and other special finishing. 

Whether the product you're con- 
cerned with is a refrigerator or a 
steam condenser, a lipstick or a golf 
shoe, a fountain pen or an adding 
machine, Scovill may be able to help 
you put it out faster, better or at 
less cost. 

Join the firms using Scovill for 
profit — take advantage of ge 
ing and engineering talents that 





have served others so well. The free 
booklet “Masters of Metal” may 
suggest something definite. Address 
35 Mill Street, Waterbury, Conn. 
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ENGINEERING SOCIETIES 


S.A.E. Creates Board 
For Defense Standards 


Another step toward development and 
coordination of aircraft standardization 
in connection with National Defense 
was taken recently by the Society of 
Automotive Engineers with the appoint- 
ment of Theodore P. Wright as chair- 
man of their new Aeronautical Stand- 
ards Board for National Defense. Mr. 
Wright, an international authority on 
aircraft design and construction, is vice- 
president in charge of engineering for 
the Curtiss-Wright Corporation, and is 
on leave of absence from his company 
to serve as executive officer of the Air- 
plane and Engine Division, Advisory 
Commission to the Council of National 
Defense. 


Defense Main Topic Of 
Gray Iron Annual Meeting 


Problems of National Defense remain 
the chief point of discussion of the engi- 
neering societies, and the Annual Meet- 
ing of the Gray Iron Founders’ Society, 
held at Cleveland, Sept. 12, was no 
exception. Foundry executives present 
from practically all parts of the United 
States talked about ways and means for 
better cooperation of foundries with the 
National Defense Program, and heard 
discussed interpretations of the Stand- 
ard, Terms of Sale of the gray iron 
industry. 


A.S.T.E. Tabulates 
Skilled Labor Requirements 


Final tabulations of technical and 
skilled labor requirements in U.S. in- 
dustries by the American Society of 
Tool Engineers, reveal that more than 
100,000 tool engineers, 400.000 tool and 
die makers, and 700,000 skilled me- 
chanics are required immediately and 
for definitely planned expansion. 

Underlying causes of this shortage, 
according to the questionnaire returns, 
are that the educational system has not 
kept pace with the machine age, that 
union labor’s attitude has restricted use 
of apprentices by industry, and that in- 
dustrial training programs have been 
slowed down and interrupted through 
dépression years. The survey revealed 
that 30 per cent of plants now have 
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apprentice training programs, and 41 
per cent train men in their own way for 
their particular requirements. Virtually 
all large industrial organizations now 
have some form of definite program, but 
smaller plants have not been able to do 
this. 

Anticipating the need for revision in 
training of men for industrial produc- 
tion, the A.S.T.E., some time ago set up 
a committee to develop a plan of edu- 
cational and training work. 


A.S.M. Sets Date For 
Western Metal Congress 


Already organizing a general com- 
mittee and making plans for another 
outstanding Congress, the American So- 
ciety for Metals has set the date of their 
Western Metal Congress and Metal Ex- 
position to be held in Los Angeles the 
week of May 19, 1941. This will be the 
fourth Western Congress, and the first 
one since 1938. A.S.M. feels that this 
Congress will be of tremendous impor- 
tance, principally because of the tre- 
mendous increase in the industrial activ- 
ity in the West, together with the in- 
tensive growth of the aeronautical in- 
dustry in that area. Many technical 


Meetings 


American Gear Manufacturers 
Association — 23rd Semi-Annual 
Convention, Skytop, Pa., Oct. 14- 
16. J. C. MeQuiston, secretary, 
602 Shields Building, Wilkinsburg, 
Pa. 


Porcelain Enamel Institute—An- 
nual Forum, University of Illinois, 
Urbana, Ill., Oct. 16-18. Frank E. 
Hodek, Jr., chairman, 612 North 
Michigan Ave., Chicago, Ill. 


American Society for Metals— 
2lst National Metal Congress, 
Cleveland, Ohio, Oct. 21-25. Wil- 
liam H. Eisenman, secretary, 7016 


Euclid Ave., Cleveland, Ohio. 


Society of Automotive Engineers 
- National Aircraft Production 
Meeting, Oct. 31-Nov. 2. Hotel 
Biltmore, Los Angeles, Calif. John 
A. C. Warner, secretary, 29 W. 
39th St., New York, N. Y. 


societies having representation on the 
West Coast will participate in the activi- 
ties, according to Managing Director 


W. H. Eisenman. 


Chemical Society Hears Of 
Vapor-Detecting Device 


An instrument so sensitive that it can 
determine the presence of two drops of 
solvent vapors in an average size room 
was described to the American Chemi- 
cal Society at Detroit recently. Mr. V. 
F. Hanson, DuPont physicist, called his 
machine an ultra-violet photometer, and 
explained that photoelectric cells meas- 
ure the vapors. When explored by 
ultra-violet light, the vapors actually 
cast shadows on a fluorescent screen, 
permitting accurate appraisal of their 
density. Principal uses of the machine 
are for the determination of the amount 
of solvents in air around equipment 
used for dry cleaning, metal degreasing 
and chemical manufacturing plants. 


Gear Manufacturers Set 
For Skytop Meeting 


Several interesting papers are on the 
docket of the semi-annual meeting of 
the American Gear Manufacturers Asso- 
ciation, to be held at Skytop, Pa., Oct. 
14-16. Of particular interest to design 
engineers will be papers on anti-friction 
versus plain bearings in gear cases by 
S. L. Crawshaw; motion characteristics 
of silent chains, by H. A. McAnninch; 
and metals which have application in 
worm gearing by B. A. Miller. 


Power Show To Coincide 
With A.S.M.E. Meeting 


With ‘plant expansion under way or 
definitely projected in more than half 
the nation’s metal working establish- 
ments, manufacturers of power plant 
equipment and mill supplies are show- 
ing a lively interest in the business 
prospect, as evidenced by the way reser- 
vations for exhibition space at the Na- 
tional Exposition of Power and Me- 
chanical Engineering are rapidly being 
gobbled up. The Power Show will be 
held in Grand Central Palace, New 
York, Dec. 2-7, coincident with the an- 
nual meeting of the A.S.M.E. To date 
more than 270 concerns have contracted 
for space to display their products. 
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SCOVILL 


ANOTHER AID TO 


DE LTSA 


Boots Self-Locking Nuts 
Now Made in Wing Style 


Where a strong, vibration-resisting nut is required, the 
Boots Self-Locking Wing Style Nut will find useful appli- 
cations in many industries. It has outstanding advantages: 
self-locking —vibration resistant—easily assembled—re- 
duced weight —all metal, one-piece construction—no de- 
terioration. The hexagon “wing” style, illustrated, has all 
the advantages of a solid type nut but is 10% to 50% lighter 
and generally, size for size, costs less. Fabricated from steel, 
cadmium plated, the nuts are available in sizes from No.6 
through 1⁄4”. 

We suggest its application on electric switch gear, elec- 
tric motors, appliances, vacuum cleaners, automobile horns, 
water and gasoline pump meters, as adjusters on automobile 
headlights, as well as for use on telephone, telegraph and 
radio transmitters and communication systems. 

Variations of this nut built around the “wing” style lock- 
ing principle can be supplied for special purposes. 

Samples of the Boots “wing” style hexagon nuts will be 
sent upon request in sizes from No.6 through 1⁄4”. Please 
address 35 Mill Street, Waterbury, Connecticut. 


Manufactured and Distributed for 
BOOTS AIRCRAFT NUT CORPORATION 









HOW IT WORKS 





i] 


— 
















The construction of Boots “wing” 
nuts is shown in the illustration. 





style hexagon 


The left illustration shows the nut when not in 
use on a screw or bolt. Note the position of the 
spring member as shown at arrow “A.” 


The right illustration shows the nut in use. Note 
at arrow “B” that the spring member is expanded 
to its locking position. 


The threads in the nut member are pushing “up” 
—the threads in the locking member “down.” 
This constant tension locks the nut firmly into 
position, and only a wrench applied to the nut 
will loosen or remove it. 
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ENGINEERING SOCIETIES 


British Periodicals Still 
Received by Library 


In spite of the war, the Engineering 
Societies Library in New York is expe- 
riencing no difficulty in its receipt of 
technical periodicals from Great Britain. 
The 350 or more periodicals from Eng- 
land and other parts of the British Em- 
pire are coming through with unusual 
regularity except in one or two instances 
when the ship carrying a batch of them 
has been sunk. All such lost copies 
have since been replaced. 

The Allied blockade of Germany 
failed to stop the flow of German maga- 
zines through Italy. But, with the en- 
trance of the latter country into the war, 
the library failed to receive German and 
Italian publications for several months. 
Now, some of the German periodicals 
are being received through Siberia and 
Japan. French periodicals ceased arriv- 
ing at the library a few weeks after the 
surrender of France. 

In cases where it is impossible to mail 
periodicals to this country, arrange- 
ments have been made with foreign pub- 
lishers to store all undelivered copies 
until the termination of the war. 


Plastics Industry Sets Up 
Information Clearing House 


Growing like Topsy, the Society of 
the Plastics Industry collected more 
than 150 members of plastic material 
manufacturing companies, molding com- 
panies and plastic press machinery 
manufacturing companies for its fall 
meeting. Oct. 13-15 at Shawnee-on- 
Delaware, Pa. Announced at the meet- 
ing were permanent offices of the S.P.I. 
where will be set up for the first time 
a central clearing house for informa- 
tion on plastic materials. There will be 
assembled data on sales of raw mate- 
rials, finished products, sources of sup- 
ply, employment opportunities and reli- 
able information for the use of manu- 
facturers, the government, institutions 
and the general public. 


A.S.M.E. Annual Meeting 
To Attract 5,000 Engineers 


Keynoting better living and greater 
industrial progress through engineering, 
the sixty-first annual meeting of the 
American Society of Mechanical Engi- 
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neers to be held in New York City, Dec. 
2-6, 1940, with meeting headquarters at 
the Hotel Astor, is expected to attract 
about 5,000 engineers and executives 
from the United States and Canada. 
More than 100 technical papers on such 
specialized mechanical-engineering sub- 
jects as aeronautics, applied mechanics, 
fuels, hydraulics, metals engineering, 
petroleum, steam power, railroads, and 
many others will be presented by lead- 
ing experts in the field. To accommo- 
date all of these papers, 44 simultaneous 
sessions are being scheduled. In view of 
the increasing attention being given to 
applications of plastics and rubber, four 
papers on these subjects will be pre- 
sented at special sessions. 


Glenn L. Martin Awarded 
Daniel Guggenheim Medal 


The Daniel Guggenheim Medal for 
1940 has been awarded to Glenn L. 
Martin, president of the Glenn L. Mar- 
tin Company of Baltimore, it was an- 
nounced recently by Elmer A. Sperry, 
chairman of the Board of Award. The 
gold medal, which is to be presented at 
the Honors Night Dinner of the Insti- 
tute of the Aeronautical Sciences in New 


York on Jan. 28, 1941, was established 


Meetings 


Society of Automotive Engineers— 
National Fuels and Lubricants meet- 
ing, Hotel Mayo, Tulsa, Okla., Nov. 


7-8. John A. C. Warner, secretary, 
29 W. 39th St., New York, N. Y. 


American Society of Mechanical 
Engineers—Annual Meeting, New 
York, N. Y., Dec. 2-5. C. E. Davies, 
secretary, 29 W. 39th St., New York, 
N. Y. 


Power and Mechanical Engineer- 
ing—Fourteenth National Exposi- 
tion, Grand Central Palace, New 
York N. Y., Dec. 2-7. International 
Exposition Co., Grand Central Pal- 
ace, New York, N. Y. 


Society of Automotive Engineers 
—Annual Meeting, Book-Cadillac 
Hotel, Detroit, Mich., Jan. 6-10, 
1941. John A. C. Warner, secretary, 
29 W. 39th St., New York, N. Y. 


in 1928 and is given “for contributions 
to aeronautical development and the 
production of many types of aircraft of 
high performance.” 

Mr. Martin is an Honorary Fellow 
and past president of the Institute of 
Aeronautical Sciences. He has been a 
manufacturer of airplanes since 1909, in 
which year he built his first plane and 
taught himself to fly. Mr. Martin re- 
ceived the Collier trophy in 1932. 


Mass Production Has Been 
Basis of Aircraft Design 


Although it is not generally appre- 
ciated by the public, the aircraft indus- 
try in general has in the last six years 
successfully planned its’ projects with 
mass production as the first premise, 
according to a paper presented by Don 
R. Berlin and Peter F. Rossmann at 
the recent National Aircraft Production 
meeting of the Society of Automotive 
Engineers, held in Los Angeles. 

Engineering trends together with 
manufacturing processes have been di- 
rected to bring about the requisite high 
industrial efficiency by the adoption of 
manufacturing methods and design 
techniques used in other mass produc- 
tion fields, so that this country’s aircraft 
industry is now in a position to take 
advantage of the increased rate of 
production. Other papers presented at 
the meeting amplified this statement. 


French and Armstrong 
Awarded Lincoln Medal 


H. J. French and T. N. Armstrong, 
metallurgists of the Development and 
Research Division of the International 
Nickel Company, have been awarded the 
Lincoln Gold Medal for 1940 for their 
technical paper entitled “Weld Harden- 
ing of Carbon and Alloy Steels.” 

This paper was originally presented 
before the American Welding Society 
at the 1939 National Metal Congress in 
Chicago, and subsequently appeared in 
the October, 1939, Welding Journal. 
The Lincoln Gold Medal is given each 
year to the author or authors contribut- 
ing most to the development and ad- 
vancement of welding. Presentation of 
the medals was made at the annual 
meeting of the American Welding So- 
ciety, Oct, 21, 1940, in Cleveland. 
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SIGNS OF SCOVILL... 


IN AMERICA’S MOST FREQUENTED CORNER 


Remember the picture on this 
page — the next time you are in a 
drug store. Here is an idea of 
Scovill’s diversified contributions 
to industry and your every-day life. 

When the soda fountain attend- 
ant mixes a drink, squeezes an 
Orange, or dips ice cream he is 
probably using equipment either 
Scovill-made or with Scovill-made 
parts. 

When your secretary buys a 
vanity case, novelty jewelry, or a 
pencil; when your salesman buys a 
razor, a traveling kit of toilet acces- 
sories, or a flashlight — they are 
probably being indirectly served by 
Scovill, for this company through 
its mills and contract manufacturing 


departments is a source of supply 
to thousands of customers for 
varied products. 

To some, Scovill supplies the 
mill products from which the 
articles are made or the screws and 
rivets with which they are assem- 
bled. Others use Scovill’s facilities 
as a source of supply for metal parts 
ready for assembly or for complete 
metal products ready for sale. 

Each customer can be served ac- 
cording to his needs for in the 
working of base metals (steel and 
aluminum as well as brass, nickel 
silver and copper) — in stamping, 
drawing, forming, forging, ma- 
chining, plating, buffing and pol- 
ishing — Scovill is a specialist. 


- 
an 


Why not find out how you, too, 
can profitably come to Scovill and 
use this comprehensive service. 
Write for the booklet “Masters of 
Metal.” It’s free — write to 35 Mill 
Street, Waterbury, Connecticut. 


MANUFACTURING COMPANY 
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ENGINEERING SOCIETIES 


Engineering Council Prepares 
Professional Code of Ethics 


A Code of Ethics for the engineering 
profession, which will form the basis 
for action by member societies of 
American Engineering Council in 
adapting it to their specific require- 
ments, is now in preparation, according 
to President Alonzo J. Hammond. 
Preparation of this code has been en- 
trusted to a newly formed committee 
headed by Dugdale C. Jackson, pro- 
fessor emeritus of M.I.T. who will 
represent the A.I.E.E. and the A.LC.E. 
Dr. William H. Kenerson of Brown 
University will represent the A.S.M.E. 
Other members include Arthur W. Dean, 
retired chief engineer of the Massachu- 
setts State Tiling Board, Dean J. W. 
Barker, and Dr. Scott Turner. 


Packaging Institute Offers 
Services to Government 


One hundred executives from com- 
panies in the packaging production, 
machinery and supply fields voted 
unanimously to offer the services of the 
Institute to the government, at the an- 
nual meeting of the Packaging Institute 
held Oct. 10. This action will benefit 
the consumer by changes in packaging 
standards, and will aid the government 
where the experience and wide tech- 
nical knowledge of the Institute’s mem- 
bership may result in the establishment 
of standards for the packaging of gov- 
ernment-purchased supplies and the 
conservation of essential materials. 
Carl H. Lambelet, president of New 
Jersey Machine Corporation, succeeds 
William M. Bristol, Jr., Bristol-Myers 
Co., as president of the Institute. Vice- 
presidents elected at the meeting were 
George R. Webber, Standard Brands, 
Inc., and A. Vernon Shannon, Westfield 
River Paper Company. 


Bessemer Steel Process 
Needs Better Control 


Predicting that eventually the Besse- 
mer process would be controlled with a 
precision impossible in the open hearth 
process, Mr. H. W. Graham, director 
of research of the Jones & Laughlin 
Steel Corporation, stated that “if the 
Bessemer process were given a portion 
of the lavish technical aid provided for 
the open-hearth process, it might retain 
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its proportionate place, and retain its 
undoubted inherent advantages,” in his 
paper before the American Institute of 
Mining & Metallurgical Engineers at 
the National Metal Congress. Accord- 
ing to Mr. Graham, the present level 
of production of Bessemer steel is much 
too low for a correct balance of process 
within the steel industry. Attention was 
focused on Mr. Graham’s remarks by 
the fact that Jones & Laughlin recently 
developed a method for controlling the 
Bessemer blow by photoelectric cells 
(Propuct ENGINEERING, July, 1939, p. 
307). 


Engineering Foundation 
Holds Annual Meeting 


Research in science and engineering 
received another boost from the Engi- 
neering Foundation at the annual meet- 
ing held Oct. 17, when 24 research proj- 
ects were endorsed by the Board for 
continued support during the coming 
year. Projects include investigations in 
problems of hydraulics; alloys of iron 
and friction and creep of metal; critical 
pressure steam boilers; fluid meters; 
cold rolling steel; paper insulation, and 
welding. Dr. O. E. Buckley, president 
of Bell Telephone Laboratories, was re- 
elected chairman. 


Meetings 


American Society of Mechanical 
Engineers—Annual Meeting, New 
York, N. Y., Dec. 2-5. C. E. Davies, 
secretary, 29 W. 39th St., New York, 
N T. 


Power and Mechanical Engineer- 
ing—Fourteenth National Exposi- 
tion, Grand Central Palace, New 
York, N. Y., Dec. 2-7. International 
Exposition Co., Grand Central 
Palace, New York, N. Y. 


Society of Automotive Engineers— 
Annual Meeting, Book - Cadillac 
Hotel, Detroit, Mich., Jan. 6-10, 1941. 
John A. C. Warner, secretary, 29 
W. 39th St., New York, N. Y. 


American Institute of Electrical 
Engineers — Winter Convention, 
Philadelphia, Pa., Jan. 27-30, 1941. 
H. H. Henline, secretary, 29 W. 39th 
St., New York, N. Y. 


Duplicate Books Worry 
Engineering Library 


A chance for engineering libraries 
all over the country to increase their 
collections exists in the 25,000 dupli- 
cate books and pamphlets held by the 
Engineering Societies Library in New 
York, declared Director Harrison W. 
Craver recently. These duplicate publi- 
cations are creating a problem in the 
library for which no satisfactory solu- 
tion is apparent, and storage is fast 
becoming a burden upon limited space. 
Dr. Craver expressed the hope that 
representatives of engineering libraries 
coming to New York would look over 
the duplicate collection and select items 
that would be of use to them. These, 
said Dr. Craver, would be gladly do- 
nated provided arrangements were 
made to cover the cost of shipment. 


Lehigh University Sponsors 
Symposium on Plastics 


Several hundred invited representa- 
tives of America’s leading laminating 
and molding interests attended the first 
Lehigh-sponsored symposium on plas- 
tics, October 25, at Lehigh University. 
Highlights of the meeting were the an- 
nouncement of commercial production 
of cast technical resins for chemical 
linings, an illuminating address by Dr. 
M. H. Bigelow on the properties and 
uses of urea formaldehyde resins, and 
a talk by Mr. H. N. Haut, chief in- 
spector of the Bellanca Airplane Corpo- 
ration, giving a comprehensive review 
of plastics in airplane construction. Mr. 
Haut stated that a long series of ex- 
haustive tests definitely prove the su- 
periority of a low-temperature cement 
over other bonding mediums commonly 
used in the assembly of large laminated 
plastic airplane sections. 


National Chemical Exposition 


To Be Held in Chicago 


Latest developments in chemical 
equipment and products will be on 
display at the National Chemical Expo- 
sition in the Stevens Hotel, Chicago, 
Dec. 11 to 15. The exhibits, together 
with an educational and scientific 
display dramatizing recent chemical 
progress, are expected to attract an 
estimated 20,000 technical and produc- 
tion men. 
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Twelve years ago engineers of Automa- 12 years’ service, this Nickel alloyed ma- 
tic Transportation Co., Chicago, specified terial retained ductility and toughness 
SAE 3135 Nickel-toughened steel for to deform rather than break when ball 
pinions in their industrial trucks. After bearings fell into the teeth. 


Wuart you need for dependable service — at lowest cost per 
year —is a tough material combining ample strength and 
hardness with unusually high ductility. A significant example 
of such a metal, which deforms rather than breaks, is this 
pinion pictured above. Balls from a shaft bearing of an indus- 
trial truck escaped from their race and fell into the teeth of 
this pinion gear, 


After twelve years’ service, this pinion — forged from heat 
treated SAE 3135 Nickel chromium steel — was still strong 
enough to stand up under crushing stress. Despite their ductil- 
ity, these teeth proved too hard for redressing. Make sure of 
metals which will be strong and tough after twelve years’ 
economical service. Specify Nickel alloyed materials for all 
vital parts which must resist stress and wear. 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, N. Y. 
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This destruction test, pictured above, made during 
1934, opened new fields for applications of long pitch 
chains, where maintained accuracy is vital in trans- 
mitting power. The properties of Nickel alloy steels, 
with their high strength/weight ratio, permitted 
modern redesigning which cut weight —and costs — 
over heavier chains formerly forged from plain car- 
bon steel. This 10” link showed an ultimate strength 


of 455,000 Ibs., a yield point of 388,000 lbs. — 30% 
higher than U. S. Engineer specifications. 


Roller chains, with 1214" pitch, control roller gates 

on Mississippi River Dam 14, LeClaire, Iowa. Link- j 

Belt Company used Nickel alloy steels to specifica- E 
tions of U. S. Engineer Office. Side bars are SAE M DN 
3140, Brinell 300-341, rollers SAE-3140, 300-341 J a 
Brinell, and pins SAE 3245, 340-380 Brinell. Triple 


width assemblies have an estimated ultimate strength 


to provide navigable channels and guard against 
sudden floods. Dam gates are moved by roller chains 
of Nickel alloy steels. On hard jobs you can safe- 
guard performance, keep costs down, by 
specifying Nickel alloy steels for all 

highly stressed units. 


of 2,250,000 lbs. Pop 
epee PA i 
Dams on the upper Mississippi control water levels E”) Í 
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THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, N. Y. 
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The 62 electrode automatic machine spot welding a car side sheet 


to the arc welded frame, as described in “Designed for Welding” 


Each one labelled to show strength and hardness... 


CERTIFIED GEARS 


ean in NICKEL atoyea ion 


es is all-important 
to the designing or specifying 
engineer when selecting a gear and 
no gear is more dependable than the 
material from which it is made. 
Braun Certified Gears are depend- 
able. Made of a Nickel-chromium- 
molybdenum cast iron each gear is 
tested, labelled and guaranteed to 
provide a minimum tensile strength 
of 50,000 p.s.i. High hardness con- 
trolled within narrow limits reduces 


THE INTERNATIONAL NICKEL COMPANY, INC. 


abrasive wear, preserves tooth con- 
tours and assures longer service. 
The improved properties of Nickel 
alloy cast irons enable Braun gears 
to more successfully withstand 
abnormal loadings and stresses. 
Furthermore the uniformly high 
strength of this material permits 
redesigning for smaller gears and 
more compact assemblies. 
Consultation is invited on your 
problems involving Nickel. 


& 


Typical minimum properties of Nickel- 
chromium-molybdenum cast iron 
used by Braun Gear Corp.: 


50,000 
150,000 
58,000 
Torsional strength, p.s.i.............. 67,000 
Modulus of elasticity. .............+5. 20,000,000 
Torsional modulus elasticity 7,500,000 
Transverse strength, lbs.............. 8,000 
Transverse deflection, in............. 0.04 
(test bar 1.2” diameter, 18” span) 

Brinel] havGmess...cccccccccescvscvss 220 
Weight per cubic inch, lbs 


67 WALL STREET 
NEW YORK, N. Y. 


Minimum tensile strength, p.s.i....... 
Compression strength, p. 
ee 
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For parts subject to high stresses in service, heat treat- 
ment before machining offers many advantages. 
Warpage and distortion frequently resulting from heat 
treatment after machining are minimized. In addition, 
points of stress concentration are avoided resulting in 
considerably greater life for the machined part when 
placed in service. 

Especially interesting are present shop practices of 
airplane part and other mass production plants now 
machining heat treated Nickel alloy steels ranging in 
hardness up to 450 Brinell. (above) Stressed Hydro- 
matic Propeller spiders of SAE 4340 heat treated to 
approximately 415 Brinell are machined with ease in 
the regular production line at the East Hartford, Conn. 
plant of Hamilton Standard Propellers, Division of 
United Aircraft Corp. 


In a recent demonstration on a standard Warner & Swasey turret 
lathe conventional high speed tools readily turned, chamfered 
and drilled a 2” bar of Nickel-chromium-molybdenum steel at a 
hardness of 450 Brinell. The turning cut was fed at .012” at a 
speed of 42’ a minute. The close helical chip showed no tendency 
to tear, check or burn. The smooth surface produced indicates 
that machining Nickel alloy steels at high hardness is not un- 
usually difficult. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


ALLOY 


STEELS 


Hamilton Standard Propellers, Division of United Air- 
craft Corp., East Hartford, Conn. regularly machine 
SAE 4340 stressed Hydromatic Propeller parts includ- 
ing spiders, illustrated here, and cams after they have 
been heat treated to approximately 415 Brinell. Hard 
Nickel alloy steels are no hazard where machining is 
concerned. For additional information please write to 
the address printed below: 


67 WALL STREET 
NEW YORK, N. Y. 
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Simple precautions assure 


SOUND WELDS 


PRODUCING pressure vessels to meet A. S.T. M. 
specifications, Black, Sivalls & Bryson, Oklahoma 
City, says, “Provided only that simple necessary 
precautions are used in fabricating, 214% Nickel 
steel pressure vessels can be welded with com- 
plete success at the same speed as mild steel, with 
greatly improved strength, safety and durability 
in the completed structure.” With Murex 214% 
Nickel Steel electrodes, smooth, sound welds are 
made in 214” thick 2.00/2.75% Nickel low car- 


bon plates used in fabricating 24’ accumulators. 





FACTS...for the asking 


Preheating, stress relieving, tensile strengths, im- 
pact resistance, shop practices . . . these impor- 
tant facts about the weldability of Nickel steels 
are yours for the asking. Simply write for your 
copies of “Welding Nickel Steels” and “The 
Working of S. A. E. Nickel Alloy Steels.” Con- 
sultation on problems involving the use of Nickel 
is invited. 


THE INTERNATIONAL NICKEL COMPANY, ING. sew vork, n.v. 
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METAL FUNDAMENTALS 


To make sure it’s MACHINABLE 
... make sure you ADD NICKEL 


Adding Nickel to cast irons elim- Productionmenknowthat Nickel 
inates carbides, disperses graph- cast irons are always easier to 
ite and develops the matrix. machine because they are: 


1 Free from chill and hard spots even on edges and thin sections. 


Free from porosity, shrinkage and open grain that cause costly 
rejects during and after machining. 


Dependably uniform in hardness and structure through thick 
and thin sections. 


4 Of maximum machinable hardness. 


5 Fine grained permitting mirror-smooth finish. 


Photo courtesy of York Ice Machinery Corp., York, Pa. 


Producing cylinder blocks or other cast- 
ings with sections of varying thickness, 
a manufacturer’s first thought is ma- 
chinability. From long experience, he 
depends upon Nickel alone or in bal- 
anced combination. He knows Nickel 
added to cast iron assures improved 
machinability and uniformity of struc- 
ture, plus higher strength and wear 
resistance in finished parts. 
. . s 
Your consultation on ap- 
plications involving Nickel 
alloyed irons is invited. 


THE INTERNATIONAL NICKEL COMPANY, INC. new vorx, w. v 
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MORE STRENGTH ‘strcss.. 


50 places in a power shovel... 
85 places in a rock drill... 


275 places in a milling machine 


NICKEL = 


Measured by weight, nearly 14 of this Bay City 
power shovel is fabricated from long-wearing 
Nickel alloy steels. 50 vital parts which must with- 
stand fatigue strains, shock stress and overloads are 
made of SAE 3135 oil quenched Nickel-chromium 
steel and other Nickel alloy steels. Frames and 
bases are Nickel cast steel. “Chabelco” crawler 
drive chains, Diamond crowd chain, Hercules gaso- 
line and Caterpillar Diesel engines on Bay City 
shovels also employ high strength Nickel alloy 
steels for important stressed components. 


More than 275 stressed parts in this dial type 
Cincinnati milling machine are Nickel alloy 


Here are five Gardner-Denver 
rock drills mounted for tunnel 
driving. In each drill, 85 stressed 
parts are produced from Nickel 
alloysteels. TheGardner-Denver 
Co. writes, “Through increased 
use of Nickel alloy steels, re- 
markable improvements in per- 
formance and reduction in 
maintenance costs have been ac- 
complished—without compara- 
ble increase in weight or bulk.” 


steels. Nearly 200 of these parts are made of a 
Nickel-chromium steel, heat treated to high 
strength yet readily machinable. Parts subject 
to wear are case-hardened. 


+ Purchasing and production are often sim- 

plified because the versatility of Nickel 
steels usually permits one Nickel steel to effi- 
ciently serve many purposes, Practical answers 
to your inquiries will be given promptly, based 
upon our broad experience with many indus- 
tries. Please address: 


THE INTERNATIONAL NICKEL COMPANY, INC. sew vorr n- 
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CRANES — Whether you build cranes, planes or 
truck transmissions, 1940 competition demands effi- 
cient, compact designs. Such designs are economic- 
ally practical when you specify tough, long wearing 
Nickel alloy steels for stressed units. This modern 
locomotive crane manufactured by the American 
Hoist & Derrick Co., St. Paul, Minn., utilizes Nickel 
steels with tensile strengths up to 115,000 lbs. per 
square inch for stressed shafting, gears and pinions. 


MOTORS — Airplane motors must not fail, so the 
Menasco Manufacturing Co., Los Angeles, Calif., 
assure dependability in their “Unitwin” motor by 
using tough, strong, long-serving Nickel alloy steels 
for all important parts. The new “Unitwin” consists 
of two separate in-line engines, generating 325 h.p. 


es 


twin” is used in Vega six place “Starliner” planes. 


On railways, highways and skyways... 


MODERN DESIGNS DEMAND 


apiece, geared to drive a single propeller. The “Uni- 


THE INTERNATIONAL NICKEL COMPANY, INC. 








ALLOY 
STEELS 


TRUCK TRANSMISSION PARTS 


must withstand rough usage and abuse in service. 
Therefore, the manufacturers of the heavy duty 
transmission illustrated here, The Four Wheel 
Drive Auto Co., Clintonville, Wisconsin, specify 
Nickel alloy steels to assure safe extra strength and 
toughness in light weight stressed parts. This trans- 
mission is especially designed for heavy duty 
four-wheel drive service, having a torque capacity 
in excess of the largest engines available. 






Heat treatable, readily machinable steels containing 

Nickel may enable you to simplify design and speed 
up production. Our suggestions are based upon the prac- 
tical experience of many plants. For information, without 
obligation, please address: 


67 WALL STREET 
NEW YORK, N. Y. 
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FOR 


GEARS THAT 
WEAR BETTER 


AND 


LAST LONGER 





NICKEL 


CAST IRONS 








HIGH CARBON, > 


Nickel alloy, electric furnace cast iron 
compositions recently developed by 
Frank Foundries, Moline, Ill., meet all 
basic requirements for improved gear 
materialsincluding good strength, ready 
machinability and wear resistance. Pic- 
tured at right is a hobbing machine 
gear produced from one of these special 
Nickel-chromium-molybdenum cast 
irons whose tensile strength is in excess 
of 40,000 Ibs. per square inch and whose 
Brinell Hardness is approximately 240 
in 1.2” sections. These alloy cast irons 
possess structural characteristics which 
assure a high degree of wear resistance 
combined with other properties essen- 
tial to improved gear performance. 























ae EFFECTIVE LUBRICATION 


in this Barber-Colman hydraulic hob- 
bing machine is assured by a combina- 
tion of good design and the selection of 
suitable materials. High carbon Nickel 
Cast iron gears are structurally designed 
to assist in full lubrication and accord- 
ingly to reduce gear wear and assure 
quiet and satisfactory operation of a unit. 
Adding Nickel to cast iron induces dense 
grain in gear castings and markedly in- 
creases their resistance to wear, 





NEW GEAR BOOK — 


Write for your copy of our new publica- 
tion “Modern Trends in Nickel Steel 
and Cast Iron Gear Materials”. Avail- 
able free on request. 


THE INTERNATIONAL NICKEL COMPANY, ING. New vor, n- v. 
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NICKEL ::::: 
Adding STEELS 


1—IMPROVES mechanical properties 
2—SIMPLIFIES fabricating problems 


PERMISSIBLE COMPRESSIVE STRESSES ON ENGAGED GEAR TEETH 


ads NICKEL ALLOY STEELS | PERMISSIBLE 


S.A.E. Classification COMPRESSIVE STRESS* 
Direct Hardening 3150, 4640, 4650, etc | 170,000 Ib./sq. in. 
era lab alils) 3115, 3120 180,000 Ib./sq. in. 
elas] Uab alate! 2315, 2320, 4615, 4620 200,000 Ib./sq. in. 
Carburizing 3312, 4815, 4820, 2515 | 215,000 Ib./sq. in. 


"Compressive stresses calculated from Hertz formula. These values are for inter- 


mittently loaded gears and should be reduced 20/25% for constant mesh loading 


Choosing the most suitable gear steel de- 
pends upon getting mechanical properties 
to safely meet service requirements. But of 
equal importance are fabricating properties 
... uniform response to heat treatment with 
minimum distortion and freedom from 
cracking, plus economical machining. To- 
day’s higher speeds and heavier tooth load- 
ings emphasize the advantages of specifying 
direct hardening and carburizing gear steels 
alloyed with Nickel...Nickel alone or in 
combination. 


Hollow quill shaft with integral gear and 


splines, pictured at left, must be resilient to 
absorb torque of 500 HP Ranger aircraft 


engine. To maintain tooth contours and re- 
sist fatigue stresses this vital shaft is forged 


from 314% Nickel, 114% chromium steel, 
SAE 3340. 


Strong, tough and wear-resistant, headstock gears 
in Monarch lathes are 312% Nickel steel, SAE 2350. 


THE INTERNATIONAL NICKEL COMPANY, INC. new vork, n. v. 
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NICKEL additions to cast iron tend to condition the metal for flame hardening 
operations. Here the Monarch Machine Tool Co., Sidney, Ohio, is flame hard- 
ening ways used on Monarch lathes. Travelling at 3” to 6” per minute, oxy- 
acetylene jets pass only once to raise the surface Brinell hardness of this 
Nickel cast iron from 225/240 to 450/460. Average composition is Total 
Carbon 3.00, Silicon 1.70, Manganese 0.85, Nickel 1.50, Chromium 0.30%. 
Monarch states “The use of a carefully controlled nickel alloy cast iron can 
be depended on to eliminate hard spots and also to stabilize that portion of 
the carbide in the pearlitic matrix necessary for flame hardening to the 
fullest degree.” 


A BROKEN cross-section of a Monarch Nickel 
cast iron lathe bed shows 4” penetration after 
flame hardening. Nickel tends to “blend” this 
hardened surface into the core. 





NiIcKEL alloy steels are especially well 
adaptable for flame hardening. Photo 
shows Wesley Steel Treating Co., Milwau- 
kee, simultaneously flame hardening both 
faces of teeth on a large gear. Cam seg- 

i ments of SAE 3150 Nickel-chromium steel 
Mi are flame hardened by Wesley to 580 
Brinell. For detailed information about 
Nickel alloyed materials particularly 
suited for modern heat treating methods, 
please write to the address below. 


THE INTERNATIONAL NICKEL COMPANY, INC. Siar¥out'sc¥ 


B 
PropucT ENGINEERING 









PRODUCT 
a eras 


ERING 


CEMBER,1940 


DE 


S 

































MORE STRENGT 









TO MEET 
STRESS... 


50 places in a power shovel... 


85 places in a rock drill... 


215 places in a milling machine 
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steels for important stressed components. 


Here are five Gardner-Denver 
rock drills mounted for tunnel 
driving. In each drill, 85 stressed 
parts are produced from Nickel 
alloysteels. TheGardner-Denver 
Co. writes, “Through increased 
use of Nickel alloy steels, re- 
markable improvements in per- 
formance and reduction in 
maintenance costs have been ac- 
complished—without compara- 
ble increvse in weight or bulk.” 





Measured by weight, nearly 14 of this Bay City 
power shovel is fabricated from long-wearing 
Nickel alloy steels. 50 vital parts which must with- 
stand fatigue strains, shock stress and overloads are 
made of SAE 3135 oil quenched Nickel-chromium 
steel and other Nickel alloy steels. Frames and 
bases are Nickel cast steel. “Chabelco” crawler 
drive chains, Diamond crowd chain, Hercules gaso- 
line and Caterpillar Diesel engines on Bay City 
shovels also employ high strength Nickel alloy 


ALLOY 
STEELS 
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More than 275 stressed parts in this dial type 
Cincinnati milling machine are Nickel alloy 
steels, Nearly 200 of these parts are made of a 
Nickel-chromium steel, heat treated to high 
strength yet readily machinable. Parts subject 
to wear are case-hardened. 


Purchasing and production are often sim- 
plified because the versatility of Nickel 
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steels usually permits one Nickel steel to effi- 
ciently serve many purposes, Practical answers 
to your inquiries will be given promptly, based 
upon our broad experience with many indus- 
tries. Please address: 


THE INTERNATIONAL NICKEL COMPANY, ING. sca™tist™ 
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What’s Coming— 


Automobile “fluid drives,” or hydraulic coup- 
lings. have aroused a great deal of interest. 
What are the possibilities in the application of 
hydraulic couplings to machinery drives? What 
might be the advantages? What are the limita- 
tions? What factors must be considered? What 
are the different types of hydraulic couplings? 
What is their principle of operation? Mr. R. D. 
McCausland of the American Blower Corpora- 
tion gives the answers to all these and other 
questions in the January number of P.E. 


Over the past years, a great deal of research 
has been done on brake lining materials and 
brake design. Beginning with the January num- 
ber, P.E. will present a series of articles that 
give in detail the latest developments in brake 
lining materials and their characteristics, 
factors in the selection of the type of lining, 
details of the design of brakes, brake drum 
materials and operating linkages. 


N. O. WYNKOOP, Publisher 
G. F. NORDENHOLT, Editor 


JOSEPH KERR K. H. CONDIT JOHN SASSO 
Managing Editor Consulting Editor Assistant Editor 


R. D. TOWNE R. R. WIESE PAUL WOOTON 
Assistant Editor Western Editor Washington 


W. E. KENNEDY, Manager 


Published monthly. Price 35¢ a copy. Allow at least ten 
days for change of address. All communications about 
subscriptions should be addressed to the Director of 
Circulation, 330 West 42nd Street, New York, N, Y. 


Subscription rates—United States, Canada, Mexico, Cen- 
tral and South American countries $3 for one year, $4 
for two years, $5 for three years. Great Britain and 
British Possessions 30 shillings for one year, 60 shillings 
for three years. All other countries $5 for one year, $10 
for three years. Entered as second-class matter August 
21, 1936, at Post Office, Albany, N. Y. under act of 
March 3, 1879. Printed in U. S. A. Publication Office, 
99-129 North Broadway, Albany, N. Y. Editorial and 
Executive Offices, 330 West 42nd Street, New York, N.Y. 


Branch Offices, 520 N. Michigan Ave., Chicago; 68 Post 
St., San Francisco; Aldwych House, Aldwych, London, 
W. C. 2; Washington; Philadelphia; Cleveland; Detroit; 
St. Louis; Boston; Atlanta, Ga. Cable Address: MC- 
GRAWHILL, New York. Member A.B.P. Member A.B.C. 


COPYRIGHT, 1940, BY 
McGRAW-HILL PUBLISHING CO., INC. 
JAMES H. McGRAW, Founder and Honorary Chairman 


JAMES H. McGRAW, JR. HOWARD EHRLICH 
President Executive Vice-President 


B. R. PUTNAM MASON BRITTON 
Treasurer Vice-Chairman 


D. C. McGRAW J. E. BLACKBURN, JR. 
Secretary Director of Circulation 
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Wormwheel Drives ............... ee 


Load factors and their influence on the selection of materials and 
the worm thread and wheel tooth proportions. 
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Pictorial presentations of salient design features in a representative 
group of current-model products and machines. 


Steel Tube Fuselages—II]........... cake 


James E. THompson and T. A. Lowe—Further designs of major 
fittings and joints for welded tubular aircraft structures. 


Nylon Filaments for Industrial Brushes... . . . 552 


The why, where and how for applying nylon monofilaments in 
industrial brushes, listing general properties and design methods. 
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Leon Popotsky—General considerations governing design, selec- 
tion and methods of mounting fixed resistors for a given application. 


Permanent Magnets ..... (te puke salen ... 960 


Sketches showing typical high-coercive permanent magnets in 
electrical applications such as magnetos, motors, instruments. 


Fatigue Strength—II ......... aie A . 562 


O. J. Horcer—The influence of surface conditions on the fatigue 
strength of members under alternate torsional loading. 


Color With Plasties...... a oa ical ah ie ee ane 566 


Increasing sales appeal in new products by use of color, illustrated 
with case histories of new injection-molded plastic designs. 


Redesigning Die Castings................. 570 


P. F. SCHNEIDER—Sketches of actual examples where die-castings 
have been redesigned for savings in cost. 
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J. Morcan Porter—Charts for determining rectangular and polar 
section modulus. 
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REVERE TECHNICAL ADVISORY SERVICE 


In many plants and industries, Revere Technical Advisory 
Service men are working shoulder to shoulder with execu- 
tives and engineers in solving defense problems by selecting 
a suitable type and form of copper or one of the many copper 
base alloys. 

These are picked men, with broad backgrounds in metal- 
working methods, plus highly specialized knowledge of 
copper and copper base alloy characteristics and applications. 
They are supported in this work by the full cooperation of 
the Revere Research Laboratories and Revere Mills. 

This Technical Advisory Service comprises a thoroughly 
equipped Research Laboratory, manned by engineers and 
metallurgists for (1) developing new and better Revere ma- 
terials to meet active or anticipated needs of industry; (2) 
supplying specific and detailed knowledge of the properties 
of engineering and construction materials; and (3) con- 
tinuously observing developments of science and engineering 
with a view to their utilization in the improvement of Revere 
production methods and equipment. 

In addition a corps of technical men are available to (1) 
help industrial executives make use of data developed by 
the Revere research laboratory staff; (2) perceive the ma- 
terial problems existent in industrial plants contacted; (3) 
assemble data enabling Revere research laboratory men to 
study these problems; and (4) make practical tests of the 
materials recommended in the plants concerned. 

This Revere Technical Advisory Service set-up has been 
very successful in reducing costs, improving products and 
increasing the output for many industrial concerns. 

Its service is available to you with no expense or obligation 
on your part. 
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Ae Nill 
© Sales Office 
@ Distributor 


Tue mills of Revere Copper and Brass 
Incorporated are strategically located 
in 6 industrial centers for speeding up 
America’s defense program. They coin- 
cide to a remarkable degree with the 
great military strategic areas of industrial 
America. 

This is fortunate for industries and 
manufacturers busy with defense needs. 
For the strategic location of Revere Mills 
speeds up the supplying and delivering 
of basic copper, brass, bronze or other 
copper alloy products to where they are 
made into finished defense products. 

Equally important, it puts these same 
industrialists and manufacturers in closer 
touch with the Revere field organization 
and general staff—and especially with the 
Revere Technical Advisors. The Revere 
Staff has a successful record for helping 
men puzzled by defense tasks to get into 
quick, efficient production. There is a 
Revere man near you in one of Revere’s 
26 sales offices and ample Revere stocks 
at our numerous distributors. You can 
command these services at no obligation 
to yourself. 


REVERE 


COPPER AND BRASS INCORPORATED 


Executive Offices: 
230 Park Avenue, New York, N. Y. 


Sales Offices and Distributors in 
most of America’s major cities 


MILLS: BALTIMORE, MD. - TAUNTON, MASS. - ROME, N.Y. 
NEW BEDFORD, MASS. - DETROIT, MICH. - CHICAGO, ILL. 





Timken Bearing Equipped 155-MM gun. 


Timken Bearing Equipped 155-MM howitzer 


ee 


Gor Defense 


Wherever wheels and shafts turn, the extra strength, endurance 
and accuracy of TIMKEN Bearings are facilitating the mechan- 
ization of our military forces... both in the equipment itself 
and. in the precision machinery necessary to produce it. 


THE TIMKEN ROLLER BEARING COMPANY, CANTON, OHIO 


Timken Bearing Equipped => 
light tank. 


4-ton truck. 


Timken Bearing Equipped 1 


U.S. military airplanes take off and land 
on Timken Bearing Equipped wheels. 


Power for U. S. war 
birds—Timken Bearing 
Equipped engines. 


1 


J 


Timken Bearing 


The U. S. Navy uses Timken Bear- 
ings in many kinds of equipment 
afloat and ashore. 


U. S. Army Engineers 
use a wide variety of 
Timken Bearing 
Equipped machines. 


Millions of dollars 

z worth of Timken Bear- 
ing Equipped precision 
machine tools will 
speed up our vast de- 
fense program. 
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Fitchburg Engineering Corp. special Duplex 
Milling Machine. One of several types using 


100% Oilgear pump, cylinder and valve 


integral with remote control features. 


t~ i | 
e a OE 
a naan a 





Baush Machine Tool Co. Multiple Spindle Drilling and Tapping Machine 
100% Oilgear equipped. Said to be the first hydraulic combination machine. 





Bridgeport Safety Emery Wheel Co. 84A-61 
Face Grinder." 100% Oilgear fluid 


power drives table through gear and rack 


Right: Farrel Birming- 
ham 226-ton 80 x 48 
single opening felt 
press, using Oilgear 


Fluid Power pumps, 


cylinders and valves. 


There is no time for 


“TJime Out” these days 


Today, as never before, it is essential 
that production machines go right 
into production and stay in produc- 
tion. Busy factories have no time for 


“Time Out.” Machine tool and ma- 


chinery manufacturers themselves 

can't afford service complaints. 
And so, machine tool and machin- 

ery manufacturers insist on having 

100% Ojilgear Fluid Power Equip- 

ment. They know a hydraulic system 

can be only as good as the pump 

and the cylinder and the valves. 

They know that all of Oilgear’s un- 

equalled experi- 

ence in hydraulics 

goes into the de- 

sign and construc- 


tion of all of Oil- 


gear Equipment. 
And they know 
that “100% Oil- 
gear Equipped” is 
the strongest as- 
surance of service 
they can offer 


OILGEAR 


OWE? 


THE MOST EFFECTIVE 
APPLICATION OF 


Trademark Reg, U. S. Pat. Of. 


FLUID POWER 


Feeds» Pumps»Cylinders» Valves» Mo- 

tors + Transmissions + Horizontal and 

Vertical Broaching Machines + Hori- 

zontal and Vertical Presses + Custom 
Built Machines 


VERT, 


A, 


their customers. Unequalled advan- 


tages result from this undivided re- 
sponsibility which rests on Oilgear’s 
leadership and fluid power achieve- 
ments. 


From a broad line of standard 
Fluid Power Equipment, Oilgear 
Engineers bring you “tailored to 
order” results that realize every ob- 
jective you have in mind... a sys- 
tem that is simple to connect, operate 
and inspect. Oilgear solutions pro- 
tect machine manufacturers and 
users from every standpoint. The 

urgency of the 
times calls for de- 
pendableOilgear 
Fluid Power sys- 


tems. Write for 


completely de- 
scriptive literature. 
THE OILGEAR 
COMPANY, 1311 
W. Bruce Street, 
Milwaukee, Wis- 
consin. 


f 


THE OILGEAR COMPANY, 1311 W. Bruce Street, Milwaukee, Wis. 
Please send me a copy of Bulletin 47000 without obligation. 
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A Veeder-Root Counter or Com- 
puting Device has given a sales lift 
to many products. For built-in 
Veeder-Root Devices add utility 
to machines. They make them more 
readily easier to sell. 


acceptable 
In the industrial field alone . 
where top efficiency is now the prime 


factor . . . buyers of equipment in- 
sist on machines with built-in “‘tell 
all” counters that give accurate, 
on-the-spot production records. 


The same applies in other specific 
industries. Manufacturers of gaso- 
line pumps are cashing in on the 
Veeder-Root “Head-for-figures” 
that computes sales. Manufacturers 
of parking meters, voting machines, 
tractors, typewriters, textile looms 


and many others are doing the same 

. all with Veeder-Root Counting 
and Computing Devices. 

See what Veeder-Root Engineers 
can do for you. Write for free book- 
let showing some past outstanding 
achievements. No obligation. 


VEEDER-ROOT Inc. 


HARTFORD, CONNECTICUT, U.S.A. 


OFFICES IN Boston, Chicago, Cincinnati, Cleveland, Detroit, Greenville, S. C., Los Angeles, New York, Philadelphia, Pittsburgh, St. Louis, San 
Francisco, Montreal, Buenos Aires, Mexico City, London, Paris, Tokio, Shanghai, Melbourne 


IN CANADA: Veeder-Root of Canada, Ltd., Montreal 


IN ENGLAND: Veeder-Root Ltd., Croydon, Surrey 
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The streamlined similarity of these Aleoa Alumi- 
num impact extrusions brought them together for 
this “family” portrait. Normally, they’re total 
strangers, for they go into products of a number 
of manufacturers, but they have many things 
in common. 

Alcoa impact extrusions are produced, in re- 
markably complete form, with a single wallop 
of the press. Often, only a few simple steps are 


needed to complete them; trimming, cutting 


it is 


December, 1940 


NEVER COSTLY TO USE 
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threads, upsetting or spinning. The process is 
high speed, low cost production at its best. 
Tolerances are close, with Alcoa impact ex- 
trusions. The metal is uniform and dependable, 
and mechanical properties are good. Walls can 
be thinner than bottoms and, on certain types, 
walls can be ribbed. Parts can be quite compli- 
cated, so many assembly and finishing operations 
are eliminated. ALUMINUM COMPANY OF AMERICA. 
2193 Gulf Building, Pittsburgh, Pennsylvania. 


ALCOA ALUMINUM RIGHT 





A wipe of flux across each piece, the ring of braz- 
ing alloy between the hub and fan, then into the 
furnace for a few minutes; assembly of this Black 
& Decker portable tool ventilating fan is as 
simple as that! 

Perhaps you were one of the hundreds who saw 
this process demonstrated at the Metal Show in 
Cleveland. Marveled with the others at its sim- 
plicity. Saw it as an aid to plants pushed for 


production. Realized the savings possible where 


it is 


this process is applicable. 

Did you also know that, in quenching this piece 
as it comes from the brazing furnace, the full 
strength of this Alcoa Aluminum Alloy is devel- 
oped? The combination of high strength, accurate 
balance and a two-thirds weight reduction, ob- 
tained in this Aluminum fan, helps Black & Decker 
produce smoother running, longer-lived tools. 

ALUMINUM COMPANY OF America, 2193 Gulf 


Building, Pittsburgh, Pennsylvania. 


ALCOA 


ALUMINUM WISELY 
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Press-forged valve bodies made for Parker Appliance Company. 


The valves to be made from these blanks must be 
light in weight, pressure-tight and resistant to 
corrosion. Since the blanks were forged from an 
Aluminum Alloy, the valves will easily meet all 
three specifications. Alcoa press and hammer 
forgings have dense metal structure. They are 
uniformly sound and strong. 

These valves will have the same long life and 


freedom from harmful action as the Aluminum 


iT IS 


TRRtCTY FO 
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as 


processing equipment with which they are used. 

Alcoa Aluminum press forgings often make it 
possible to show sizable savings in manufacturing 
costs. Shapes can be quite complicated and they 
are held to close dimensional tolerances. Small 
design detail and lettering can be accurately repro- 
duced. Fewer finishing and assembly operations 
are required. ALUMINUM COMPANY OF AMERICA, 


2193 Gulf Building, Pittsburgh, Pennsylvania. 
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For prompt action call the 
nearest Carnegie-Illinois 


office 











Hard Way ? 


* * If your part in the preparedness pro- 


gram involves new problems in the selection 


and working of steels ... use this service 


F you are being asked to turn trom tamiliar peacetime manufacturing 

and throw your best efforts into the production of materials for national 
defense you have no time for trial-and-error methods. Speed is the vital 
element 


What you want to know is, what are the right steels for your new and 
unfamiliar requirements—and how they can be put through your manu- 
facturing processes with the least waste, trouble and delay. 


Fortunately, we are in a position to supply this information. Here at 
Carnegie-Illinois we have developed a corps of industrial “trouble- 
shooters”—engineers and metallurgists whose special job is not to sell steel 
but to help industry use it more efficiently. Their intimate knowledge of 
the constantly changing steel picture will safely guide you through the 
complex problem of proper steel selection. Their practical experience with 
the most advanced shop methods in using the many new and special steels 
now available will help you avoid time-wasting errors. 

In working on your problems, these men can call upon the facilities of 
the most completely equipped research laboratories and the finest steel- 
making plants in America. Their advice can be entirely unbiased because 
they have the most comprehensive range of metallurgy’s finest steels from 
which to choose. 


This service is not new. It was initiated long before the present emer- 
gency. It is seasoned, tried and widely experienced. We offer it freely to 
any manufacturer who is anxiously studying unfamiliar blue prints and is 
seeking a practical way out from a situation that bristles with new prob- 


lems. We believe we can help you. We welcome the opportunity. 


CARNEGIE-ILLINOIS STEEL CORPORATION 
Pittsburgh and Chicago 


Columbia Steel Company, San Francisco, Pacific Coast Distributors 
United States Steel Export Company, New York 









See what yo 
EMS 


In the automotive industry, where they are used 
by the millions, SEMS Fastener Units definitely 
reduce assembly costs and assure tighter, stronger 
fastenings! 








This worker is using SEMS Fastener 

Units in the manufacture of electric 

switches. Because the lock washer 

can't drop off they handle easier 
and faster... and no screw can be driven with- 
out a lock washer to keep it tight! 


By eliminating time formerly wasted 
placing lock washer on screw, 
Fastener Units speed up production of 
automatic record-changing phonographs! 
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NEW COST ANALYSIS CHART 


... reveals actual dollars and 
cents savings over unassembled 
lock washers and screws! 


Here’s your opportunity to determine accurately what SEMS 
Units can save in your assembly work. The new Cost Analysis 
Chart proves conclusively that this preassembled Shakeproof 
Lock Washer and Screw unit will reduce your costs and, also, 
give better fastenings. Every metal product manufacturer 
should follow its simple formula to figure what his savings will 


be with SEMS Fastener Units. 
WRITE FOR YOUR CHART! 


The coupon below will bring you a free copy of this new 
Cost Analysis Chart. It also illustrates many other advantages 
of this unit which help speed up production and improve 
product quality. Clip the coupon now! 


SHAKEPROOF LOCK WASHER CO. 


Distributor of Shakeproof Products Manufactured by ILLINOIS TOOL WORKS 
2523 North Keeler Avenue, Chicago, tiiinois 
Plants at Chicago and Elgin, Illinois 
In Canada: Canada Illinois Tools, Ltd», Toronto, Ontario 
Copyright 1940 Illinois Tool Works 









* SEMS is the registered trade- 
mark of the Illinois Tool Works, 
monufacturers of Shakeproof Lock 
Washers. Only Shakeproof Lock 
Washers are used in the manufac- 
ture of SEMS Fastener Units. 


MAIL COUPON 
TODAY! 


SHAKEPROOF LOCK WASHER CO. 
2523 No. Keeler Ave., Chicago, Ill. 


on Lock Wuohes Send us your new Cost Analysis Chart. We want to see how 


cot cove Sh much we can save by adopting SEMS Fastener Units! 


Firm Name — 


... but is free to AINN 
rotate! 


City — 
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MAZLO 


Reg.U.S.Pat.Off. 
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Built for Man-Handling 


sanding, drilling and nut-running jobs they’ re set to do. 


AZLO Magnesium parts make these CP electric 

and pneumatic portable tools much lighter in 

weight. Workers using them save considerable effort, 

ordinarily wasted. Jobs go faster, with less fatigue. 

Strong MAZLO Magnesium Alloys are used by 
Chicago Pneumatic Tool Company in build- 
ing these tools. They have the toughness 
and stamina demanded by the grinding, 


Reducing weight that has to be moved, by man or 
machine, allows that action to be speeded up. It 
cuts wear and tear on the mover. That is why 
both men and machines like the lighter weight of 

MAZLO Magnesium Alloys. Sales Agent: 
Aluminum Company of America, 1702 


Gulf Building, Pittsburgh, Pennsylvania. 


AMERICAN MAGNESIUM CORPORATION 
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BY RE-DESIGNING WITH BAKELITE POLYSTYRENE— 


Interior Parts of Gale Refrigerator 
Gain Improved Appearance at Low Cost 
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B ECONOMICALLY re-styling interior oe 


parts with Bakelite Polystyrene, the 

manufacturers of Gale refrigerators ‘‘ob- 
tained designs not possible with other 
materials without prohibitive costs.” Pos- 
sessing self-contained color and highly 
lustrous surfaces, these parts withstand GA L 
constant handling, moisture, food-acids C-A L a < 
and low temperatures. With every con- 
structional detail formed completely in 
the molding process, they require neither 
machining nor finishing. 

Learn more about the styling oppor- 


tunities and fabricating economies obtain- 
able with colorful Bakelite Plastics by 
writing for illustrated booklet 33P, “New 


zs EEF 
Paths to Profits.” no 
BAKELITE CORPORATION be 
Unit of Union Carbide and Carbon Corporation y p 
Lr. 
UCE) i 


30 EAST 42ND STREET, NEW YORK 


BAKELIT 


TRADE manne” t 


The word “Bokelite” ond the Symbol or 
idemtilying produe ( CYS ) of Bobeli 
PLASTICS HEADQUARTERS 





HowOxy-Acetylene Flame-Cutting 


can ease the burden 


on your Machine Tools 


XY-ACETYLENE machine 
flame-cutting is a means of 
shaping steel to relatively close 
tolerances — rapidly and eco- 
nomically. 

Steel of practically any com- 
mercially used size or thickness 
can be cut in straight lines, 
circles, or intricate shapes, with 
cut edges so clean and accurate 
that a minimum of machining is 
required. In many cases, no 
machining is needed at all. This 
leaves your machine tools and 
machinists available for other 
needed work. 


Some of the other advantages 
of flame-cutting are: 


Operators of flame-cutting ma- 
chines can be trained to do good 
work in a short time. The invest- 
ment for equipment is moderate. 


Less Dependence on outside 
sources of supply for fabricated 
parts is made possible by ability to 
make what you need as you need it. 


One-of-a-Kind production for re- 
placement or new-model develop- 
ment work is economically practical 
with flame-cutting, and is usually 
much faster than by other methods. 


Parts Inventories can be held 
down, because almost any parts can 
be produced immediately as needed 
from stock steel. 


Savings in Weight and bulk, and 
in most cases, increase in strength 
over parts fabricated by older meth- 
ods are made possible by the use of 
flame-cut and welded parts. 


Design Changes can be made 
quickly, without loss of time or 
money for new dies, molds, or pat- 
terns. Change-overs on flame-cut 
parts are only a matter of minutes. 


Semi-Automatic cutting can be 
done by using easily fabricated 
templets which guide the blowpipe. 
The operator can also “hand trace” 
direct from a drawing. 


Quantity Production can be fa- 
cilitated by cutting numerous parts 
simultaneously — either by “stack- 
cutting” or by multiple blowpipe 
operation. 


and how Linde can help you use it! 


The Linde organization can supply you with small portable 


or large stationary flame-cutting machines. You can also ob- 


tain from Linde—oxygen, acetylene, carbide, and other essen- 


tial materials for using flame-cutting, with the assurance of 


dependable, uninterrupted deliveries. 


Even more important, Linde has the process ability and the 


organization to supply on-the-job assistance which will con- 


tribute to the technical skill and training of your operators. 


If you want to know more about how Linde can help you 


use flame-cutting or other oxy-acetylene precesses, ask Linde. 


THE LINDE AIR PRODUCTS COMPANY 


Unit of Union Carbide and Carbon Corporation 


New York, N. Y., and Principal Cities 
In Canada: Dominion Oxygen Company, Limited, Toronto 


LINDE OXYGEN 


PREST-O-LITE ACETYLENE 


OXWELD, PUROX, PREST-O-WELD APPARATUS 


The words “Linde,” “*Prest-O-Lite,” “Union,” “*Oxweld,”’ **Purox,”’ **Prest-O-Weld,” and ‘*Unionmelt” are trademarks of Units of Union Carbide and Carbon Corporation. 


Linde can also help you make effec- 
tive use of oxy-acetylene welding .. . 
hard-facing ... flame-cleaning . . . flame- 
hardening . .. gouging . . . descaling 
.. + pipe-welding .. . Unionmelt weld- 
ing ... and other useful processes. 


UNION CARBIDE 
.. OXWELD SUPPLIES 
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Transmission Motor Pulley Motodrive 


f compiere LINE OF ADAPTABLE UNITS 


These are the three basic units around which 
REEVES builds a complete line of modern, com- 
pact variable speed control equipment—a wide 
range of designs, controls, sizes to 78 h.p. and 
speed ratios 2:1 through 16:1. Machine builders 
who adopt REEvEs Speed Control are free from 
the limitations imposed by one standard design. 
You can plan your application from the most 
practical and economical standpoints, to meet 
your needs exactly. 


wl 
Mh 





9 NATION-WIDE ENGINEERING STAFF 


Located in 35 industrial centers are factory- 
trained, seasoned REEVES engineers prepared to 
counsel with you on factors calling for thorough 
and careful judgment—speed variations, horse- 
power requirements, available space, driving con- 
nections, methods of control. 


3 BROADEST EXPERIENCE IN THE FIELD 


You benefit by REEVEs unequalled experience in 
providing speed control as standard equipment on 
1,376 different makes of machines. More than 
140,000 REEVEs units are now in service in over 


Hou Reeves Mahes It EASY 
lo Incorporate Speed Control 
CORRECTLY 





EXAMPLE: to provide this moder drill press with complete 
speed flexibility, the manufacturer uses the REEVES Motodrive 
internal operating parts (without case) installed within the head 
of the press. Above, right: head removed to show installation 
of this space-saving REEVES unit which combines motor, speed . 
varying mechanism and (if required) reduction gears. REEVES 
also offers Transmission operating parts only (without frame) 
for incorporating in design of a machine. 


18,000 plants. From no other source can you obtain 
so much practical experience. 


| 
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REEVES SPECIALIZES IN SPEED CONTROL 


Variable Speed Control is a specialty with REEVEs— 
not a side-line. REEVEs “lives” speed control. That’s 
why we can offer a complete line of units instead of 
only a few standard models. That’s why you get 


prompt action on your requirements. 
xk 


Send today for copy of 124-page Speed Control Manual and Catalog 
G-397, which describes REEVES units and shows how machine builders are 


NHI) 


incorporating them as standard equipment to release the full capacities 
of their machines. i 
REEVES PULLEY COMPANY, Dept. K, COLUMBUS, INDIANA 
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The “MISSING LINK” designers have been looking for... 





Binding, leaky swing joints that cause steam 
losses and downtime losses for repacking have 
been replaced by American Seamless Flexible 
Metal Tubing on leading makes of laundry 
and dry cleaning presses. The reason is simple. 
American Seamless is tight under pressure, 
neat in appearance and easy to install . . . yet 
it’s as flexible as garden hose and amazingly 
resistant to fatigue. It never requires packing. 


Here American Metal Hose performs a sim- 
ple task at a cost consistent with this use. 


Not so simple are thousands of other uses of 


flexible metal hose such as in hydraulic jack 
lines where pressures run up to 3,000 Ibs. 
per sq. in. or in oil transfer lines where abuse, 
constant flexing or chemical action takes toll 
of inferior constructions. 
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<The C-O-Two Fire Equipment 
Company uses flexible metal tubing 
to increase the speed on the tank 
filling line. Flexible connections 
make connecting and disconnecting 
a matter of seconds. Being metal and 
seamless, the connections insure the 
utmost safety in the handling of the 
gas. This company, like hundreds 
of others, has found that American 
Seamless is best for the conveyance 
of gases and liquids under pressure. 


SS-25 is the number of our 
American Seamless Catalog. The 
book contains more than 70 pic- 
tures illustrating the numerous 
uses of this super-tubing. Con- 
struction details, application in- 
fotmation and important engi- 
neering material will be found 
in its 24 pages. Be sure to ask for 
a copy. À note will bring you one 
by return mail. 40247 
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AMERICAN METAL HOSE BRANCH of THE AMERICAN BRASS COMPANY 


ANACONDA General Offices: Waterbury, Conn. + Subsidiary of Anaconda Copper Mining Company 
re 
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In Canada: Anaconda American Brass Ltd., New Toronto, Ont. 
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SCHICK SHAVER DEMONSTRATES HOW BEETLE MEETS 
ALL BASIC REQUIREMENTS OF A SALES WINNING DESIGN 


Designed by Raymond Loewy and molded of BEETLE* in cream 
and maroon colors, this new 1941 Schick Shaver won top award 
in the Annual Modern Plastics Competition. It has a simple but 
powerful appeal and is eminently practical—strong, compact, 
sanitary, economical to produce. The fluted surface, part of the 
functional design, is obtained in Beetle in the single molding 
operation—no extra production steps are required. Beetle’s insu- 
lating value for both electricity and temperature also contribute 
to making it the ideal material for this type of product. Add to 
these advantages the brilliant, permanent color that is a part of 
the material itself and you will immediately see why Beetle is 


reducing the costs and increasing the sales of many products. 


For housings of many products Beetle offers unmatched 
advantages. It is all color—and available in all colors. Perhaps 


you have a housing or product design problem that Beetle 


10 BEAUTY a7 EFENCIE 


THE PLASTIC THAT’S ALL COLOR—IN ALL COLORS 



















| 





Mr. Loewy's design for the Schick Shaver housing of BEETLE is an excellent 


example of good technique in combining beauty and functional efficiency. 


ean solve in short order with quick economy. Call on our staff 
—a member will be glad to give you the benefit of his special 


knowledge of molding and materials. 


This New Technical Booklet contains practical infor- 
mation on the properties and applications of BEETLE 
and new facts pertinent to modern molding methods. 
You will find it profitable as a reference guide in your 


selection of plastic parts—a copy is yours for the asking. 








AMERICAN CYANAMID COMPANY 
Beetle Products Division 
32 ROCKEFELLER PLAZA, NEW 


*Trademark of American Cyanamid Company applied to urea products manufactured by it. 





YORK, N. Y. 









Based on a quarter of a century of accumulated 
experience in design and construction, the Kramer 
Trenton Company is contributing advanced ideas 
in heating and air conditioning for the home, 


office and factory. 


Scientifically designed for top efficiency, the me- 
chanical assemblies are housed in beautifully 
finished cabinets, that are Bonderized for a long, 
rust-free life. 


Bonderizing supplies an extra quality. Applied 
under the enamel it provides an absorbent founda- 
tion to which the finish will cling. It neutralizes the 
effects of humidity and protects against rust. Its 
effectiveness on this type of equipment proves its 
value on any product where corrosion is a problem. 


PARKER RUST PROOF COMPANY 
2179 E. Milwaukee Ave. ¢ Detroit, Michigan 


IS 
FINISH 
PROTECTION 


is 


: 
be 
i 
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Send for the latest book on Bonderizing. It de- 
scribes what it is—what it does—how it is applied 
and lists some of the hundreds of manufacturers 
who use it. In this list you will find some of the 
greatest names in American industry. 
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ALTER EGO: Literally “‘one’s other self’’—the still, small voice that questions, inspires and corrects our conscious action. 


ALTER EGO: “Now pity a sorrier fate if you can: A 
vagabond soulin a stay-at-home man.” Remember 
that poem? 


Meaning what? 


ALTER EGO: Meaning you’re that way about arc 
welding. You’d like to improve your product and 
enjoy the saving in cost—BUT you’d rather sit 
comfy with the old familiar production process. 


But we haven’t the time these days to 
change barrels while going over Niagara 
Falls. 


ALTER EGO: Then don’t change barrels. The most 
rabid redesign enthusiast will tell you that rede- 


sign for arc welding is a matter of evolution, not 
revolution. 


You mean we should do it one step at a 
time—like learning to walk? 


ALTER EGO: Exactly, then when you’ve perfected 
the production of one part, take the second step 
—redesign the next part; and before you know it, 
you and the product are on the way to town. 
E a 

LINCOLN SUGGESTS: To the man who thinks he hasn’t 
time or who doesn’t know how to change over to welding, 
we offer this suggestion: See how others, with problems like 
your own, have started out with welded design. The book- 
let, “How to Changeover to Welded Design for Profits” 
(gratis) gives the evidence and a start. 


LINCOLN ENa “ARo NELDING ™ a cadena 


Authoritative Information on Design « Production * Welding Equipment 
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“MORE HOLES 
PER DOLLAR” 


is the 


OBJECTIVE- 


Se 





Where you are cramped for space, 
yet seek the utmost in accuracy, 
rigidity, load capacity and friction- 
free operation, use NORMA- 
HOFFMANN EXTRA LIGHT 
“XLS” BALL BEARINGS or 
EXTRA LIGHT ‘‘RXLS’’ 
ROLLER BEARINGS — avail- 
able in a size range from 13%" to 
221%” in bore. 









CINCINNATI BICKFORD Chocied 


AVRMA-AVFFMANN 


PRECISION BEARINGS 


In its latest High-Speed All-Geared ““SUPER-SERVICE” Radials—as 
in its earlier models—Cincinnati Bickford Tool Company (Cincinnati, 
Ohio) employs NORMA-HOFFMANN BEARINGS at those vital points 
where their PRECISION and friction-free characteristics contribute to 
the speed, maneuverability, compactness, rigidity and accuracy of the 
drills themselves. . 

In the motor reduction gear are four NORMA-HOFFMANN “XLS” 
Extra Light Ball Bearings; three more of the same type are in the arm 
elevating mechanism, another in the column sleeve support. These bear- 
ings afford extreme compactness, with the desired load capacity, at the 
same time meeting other design requirements in the minimum of space. 
Another NORMA-HOFFMANN Ball Bearing is in the speed change gear. 

What is YOUR bearing problem? Let our engineers work with you. 
Write for the Catalog. 


NORMA-HOFFMANN BEARINGS CORP’N.,STAMFORD,CONN.U.S.A. 
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...When made 
of Steel Castings 


Whatever you make, you can safely follow 
the example of leading valve manufactur- 
ers if you want to improve your product 
and cut costs. 

More and more valves are now being 
made of steel castings, and they are 
stronger, more rigid, longer-wearing valves 
—able to resist high temperatures and 
pressures. Cast steel contributes these de- 
sirable qualities, plus lower cost, less 
machining to do, and a wide choice of 
mechanical properties. 

Your own foundryman will gladly 
show you how your products may be 
similarly improved by a wider use of steel 
castings. Or you may consult, without 
obligation, Steel Founders’ Society, 920 
Midland Building, Cleveland, Ohio. 


Steel Castings 
bring you these advantages 


1. Uniform structure, for greater strength, shock 
and stress resistance. 


Metal distributed where it will dothe most good; 
maximum strength with minimum weight. 


Widest range of mechanical properties. 


Good machining qualities, low finishing costs, 
better streamlined appearance. 


High rigidity, minimum deflection, accurate 
alignment, close tolerances and better fit. 


Readily weldable in composite structures. 


High fatigue resistance, maximum endurance 
and longer life—ideal for critically stressed parts. 


MODERNIZE YOUR PRODUCT WITH 











won't pass out 


in a pinch... 


Put a Klixon Protector in a washing machine’s motor, and you 
make the motor positively safe against overheating and burnouts. 
Even jamming the wringer can’t hurt the motor. Damage, service 
calls and fires are eliminated. 


For if the wringer jams with clothes, a washing machine motor 
with a built-in Klixon Manual Reset Protector automatically shuts 
itself off the instant it starts to overheat. 4nd it can’t start again 
until safely cooled and released by its manually-operated push button, 
In this way, fingers trying to release clothes cannot be drawn into 
the bite of a live wringer. 

Millions of unattended motors are now operating with built-in 
Klixon Protectors—not only because of the personal safety feature 
—but because these protectors prevent motor burnouts, insure safe 
peak output and increase the motor’s life. 

Ask any motor manufacturer for motors with inherent Klixon 
Protectors. Both automatic and manual reset types available. 


: i 
K TRADE MARK REG US PAT. OFF. 


SPENCER THERMOSTAT COMPANY 
912 FOREST STREET, ATTLEBORO, MASSACHUSETTS 
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Klixon gives you the most extensive 
line of motor protection available 


Below are the sizes and application ranges 


Klixon 4” Protector—Provides inherent 
overload and overheat protection for 
fractional horsepower, single-phase motors 
up to % H. P. Also used as an inherent 
temperature control unit on large integral 
horsepower, poly-phase motors. 


Klixon 1” Protector—Provides built-in 
overload and overheat protection for 
fractional horsepower, single-phase motors 
through 114 H. P. Breaks the load di- 
rectly. 


Klixon 114” Protector—Provides inherent 
overheat and overload protection for sin- 
gle- and poly-phase motors above 3 H.P.— 
available for inherent protection against 
overheating and excessive current (break- 
ing pilot circuit of motor contactor, not 
the load directly). 


Klixon Two-Pole Protector—For certain 
types of fractional H. P. repulsion-start 
induction and capacitor motors. Simpli- 
fied protection on 3-phase motors up 
through 3 H. P. breaking the line directly. 
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(ORE THAN A FEW HOURS FROM. | 
AHORIZED FACTORY MOTOR SERVICE 


sl a li $ F 


Mer keas on WHY 


AAMA BRIGGS & STRATTON IS PREFERRED POWER ! 


Farms and Industriol Use. 5 fs East — west — north — and south — you will find authorized Service Stations, 
- manned by factory trained men equipped with special factory tools, ready to 
take care of any emergency — to adjust, repair, or rebuild any model. of 
Briggs & Stratton motor, even though it’s a veteran of 10 or 20 years of service. 
This nation-wide authorized factory service is maintained to protect 
your investment in Briggs & Stratton gasoline motors — an important 
added advantage recognized by manufacturers, dealers and users. 


BRIGGS & STRATTON CORP. 


MILWAUKEE, WISCONSIN, U.S. A. 


GASOLINE 
MOTORS 
WH 
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that help you to do 


a better job 


... A BETTER JOB with “Unbrako" Cap Screws because the cold- 
forged knurled heads gear right to the fingers and prevent annoying 
finger slip. They turn faster and farther before applying wrench or 
pliers, hence speed up assembly. Finished appearance is neater on any 
product. 


..- A BETTER JOB with "Unbrako" Self-Locking Hollow Set Screws be- 
cause their knurled points insure a vibration-defying grip. Set them up 
with no more than average pressure and they hold tight! Save mainte- 
nance costs .. . prevent costly trouble. Yet "Unbrako" Self-Lockers are 
easily applied or removed and can be used over and over again. 


Get complete information now. Ask your distributor, or write— 


STANDARD PRESSED STEEL Co. 


JENKINTOWN, PEANEK BOX 545 
— BRERCHES 


BOSTON + DETROIT + INDIANAPOLIS + CHICAGO + ST. LOUIS + SAN FRANCISCO 
Reg- U.S. Pat. Office , 
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ROLLER BEARING CO. 
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our or mis DAL Of 1 ricks 


-..MAY COME AN IDEA 
WORTH THOUSANDS OF 


DOLLARS TO YOU! 


HERE IS ONE of the most interesting collections you 
have ever seen. Everything from windshield wiper 
blades to flexible tubing . . . decorative trim to fish 
lures ... nails to vacuum cleaner parts. 51 products, 
all in current production, all made of U-S-S Stain- 
less Steel. Ask your U-S-S Steel representative to 
have one of our Stainless Specialists show it to you. 


OU will enjoy looking over the 51 

items contained in this kit. Each 
one represents a product in which 
U-S-S Stainless Steel has come to the 
aid of a product engineer. Each is a 
better product, more useful, longer 
lasting, cheaper, or faster selling, be- 
cause U-S-S Stainless Steel has been 
judiciously used in its manufacture. 


These productsillustrate how U-S-S 
Stainless Steel can be pressed, punched, 
drawn, formed, or welded by standard 
shop methods into whatever shape 
your assembly requires. Truly a gold- 
mine of ideas for any engineer or de- 
signer. 

U-S-S Stainless Steel is used in 
these ond countless other products— 


because it is permanently bright, re- 
sistant to corrosion and abrasion, and 
easily formed and fabricated. Its ex- 
tremely high tensile strength permits 
use of lighter sections, saving weight 
and often reducing costs below those 
of plated or combination parts. Ask to- 
day to have one of our Stainless Spe- 
cialists show you this sample kit. 


STAINLESS STEEL 


AMERICAN STEEL & WIRE COMPANY, Cleveland, Chicago and New York 
CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 


Columbia Steel Company, 
United States Steel Export Company, New York 


NATIONAL TUBE COMPANY, Pittsburgh 


San Francisco, Pacific Coast Distributors 
Scully Steel Products Company, Chicago, Warehouse Distributors 


Peet ti enD STATES STEEL 
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Get rid of 
Slow-Poke 
Fastening 


Pilot holes eliminated. Start right out driving. You 
a can use one hand to steady the work because... 


No more crooked screwdriving, for the Phillips 
"Screw drives straight automatically. Driving is 
easier because... 








4 — y; 
5 No danger of the driver slipping from the recess 

= and gouging the finished surface. Phillips Screws 
set up tight... 


PHILLIPS „nean screws 


WOOD SCREWS - MACHINE SCREWS - SHEET METAL SCREWS - STOVE BOLTS 
SPECIAL THREAD-CUTTING SCREWS - SCREWS WITH LOCK WASHERS 
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American Screw Co., Licensor, Providence, R.I. The Lamson & Sessions Co., Cleveland, Ohio Russell, Burdsall & Ward Bolt & Nut Co. Port Chester, N.Y. 
Continental Screw Co., New Bedford, Mass. National Screw & Mfg. Co., Cleveland, Ohio Scovill Manufacturing Co., Waterbury, Conn 

Corbin Screw Corporation, New Britain, Conn. Parker-Kalon Corporation, New York, N.Y 
Pheoll Manufacturing Company, Chicago 






PHILLIPS SCREWS CUT ASSEMBLY 
TIME IN HALF—SPEEDING UP 


DELIVERY OF YOUR PRODUCT... 


As far as assembly work is concerned, you can 


halve the time to delivery dates by changing 
over to the fast fastening method — with 
Phillips Recessed Head Screws... 


2 The Phillips Screw clings to the driver. Awkward 


= places easily reached—without danger of fumbling. 


There is triple the contact between driver and 
a recess. Power drivers are used more often because 
there is... 





6 Without burrs or split heads. Today, increased 
= production requirements almost demand Phillips 

Screws. More firms standardize on Phillips every 
day. Get in touch with one of the firms below. 









SPEED PRODUCT DELIVERIES 
BY CUTTING ASSEMBLY TIME 





U. S. Patents on Product and Methods Nos. 2,046,343; 2,046,837; 
2,046,839; 2,046,840; 2,082,085; 2,084,078; 2,084,079; 2,090,338. 
Other Domestic and Foreign Patents Allowed and Pending. 






LS. Shakeproof Lock Washer Co., Chicago, Il. ` 
` Iiinois 
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HOW TO SELLA 


GARGLE 


... with a lively 
piece of “LUCITE”! 


to se i (Below) 

D kist super- salesmen tit Photograph shows tongue 
“throat- ; depressors made of molded 
people Pae day being removed 
: rom the die. Six of them are 
ee low pay- quickly and economically 
‘ y produced at one time with 
high luster and flawless body 
by the St. Louis Plastic 

Molding Co. 


want ds of 
e thousan 
ean”. ..long hours 


TY INCREASE the sales of Listerine antiseptic the 
Lambert Pharmacal Company set about to make 
America “throat-conscious.” More “throat-conscious” 
people would mean more “gargle-conscious” people . . . 
and more gargling with Listerine! 

But how to get people interested in their own throats? 
That was a problem . . . until someone remembered that 
transparent “Lucite” methyl methacrylate resin has the 
ability to transmit heatless light around curves. Why not 
let people see their own throats . . . with throat lights 
made of this versatile plastic? Then sell them in conjunc- 
tion with the antiseptic. 

Here was the answer. Made of clear “Lucite,” the 
throat-light picks up light from a concealed bulb in the 
handle and flashes it clearly and sharply on throat, teeth 
or mouth. Moreover, because “Lucite” is so easy to mold, 
six of these transparent tongue depressors can be pro- 
duced quickly and cheaply . . . at one injection stroke! 

Now “Lucite” is lighting up thousands of throats. . . 
and more every day. Less than a month after these throat 
lights had been introduced, the Lambert Company had to 
triple the original production order for them. During the 
first 2 weeks after announcement to the trade— orders 
were booked for more than 1000 tons of Listerine, and 
sales are still increasing! 

“Lucite” is just the thing to solve premium problems. 
It’s strong . . . weather-resistant . . . easy-to-mold . . . 
clear .. . light . . . and it can be molded in a whole rain- 
bow of colors. Specify “Lucite” for your own products 

.. and take advantage of the Du Pont technical service 
to help solve your design or molding problems. For more 
information about “Lucite” and other Du Pont plastics, 
write to E. I. du Pont de Nemours & Co. (Inc.), Plastics 
Dept., Arlington, N. J. 
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or Chain THAT OPERATES 
IN 2 PLANES 






Fe Sen wooded enn en oe Le a 


Sy 






LINK-BELT 


> UNIVERSAL < CARRIER 


* Link-Belt Universal Carrier Chain is 
an accurately made, finished steel chain 
equipped with smooth, uniform, steel top 


Sys oe ae re 


ahead 






~ 


plates. It carries containers—bottles, jars» 


cans in the process of manufacture, and in 


koia 


cleaning, filling and capping operations around 


ENT ee 


corners, without sliding. No dead plates or 


turn tables required. A simpler conveyor 





chain with unlimited paths of travel, per- 


fi D 
-dahi hitt. 


mitting as it does sprocket engagement in 
two planes. This feature makes it practical 
for use on exceptionally long conveyors in 
place of several short transfer conveyors from 
one machine to another. Its extreme flexibility 
permits conveyors to be arranged to clear machines and other f 
obstructions, as it operates in rectangular, circular, semi- 

circular or irregular paths. Made in several standard sizes 

and in other metals to suit conditions. 

Send for Folder PE 1637. 


8331A 


LINK-BELT COMPANY | 


The Leading Manufacturer of 
Equipment for Handling Materials and Transmitting Power 


Indianapolis, Chicago, Philadelphia, Atlanta, Dallas, San Francisco, 


: r : : p Toronto. Branch offices, warehouses 
Universal Carrier chain photographed lying on glass to illustrate by SERS wee distributors i an gulag chies, f 


reflection its underside. 


OTHER TYPES OF LINK-BELT CARRIER CHAINS 











K Link-Belt No. 4250 
Swivel Chain is a dur- 
able, quickly detach- 
able, extremely flexible 
chainforconveyingcases, 
cartons, crates and cans. 

The links provide a 





broad, flat, clean carry- 

ing surface. The cast ball and socket 
type pin makes the chain easily de- 
tachable, and the joint construction 
permits great flexibility and short 
radii for lateral curves. Chain usual- 
ly operates in standard 2” channel 
track and will operate around hori- 
zontal curves as small as 12” radius. 
Made of malleable iron or PROMAL, 
the latter being usually preferred 
because of its longer life and 
resistance to corrosion. 
Send for Folder PE 1637. 















¥%& Silverlink Filat-Top Con- 
veyor Chain is used for handling 
bottles, jars and cans through clean- 
ing, filling and capping operations. 
For this service, the chain articu- 
lates freely and prevents “hump- 
ing.” Its light weight results in 
minimum power requirements and 
wear, and permits the return-run 
to hang unsupported without re- 
quiring excessive structural strength. 
Metal specifications may be selected 
for resistance to acid action or cor- 
rosion, and to withstand thorough 
cleaning during and after the day’s 
run. Send for Folder PE 1637. 


Á Link-Belt Crescent Conveyor 
Chain with attachments is cast or 
formed from ferrous or non-ferrous 
material, to make a continuous 
conveyor for handling bottles or 
other containers in a rectangular, 
circular, semi-circular or snake-like 
path. A conveyor employing this 
chain presents a practically un- 
broken surface, even at the turns. 
The bottoms of the attachments 
present good sliding surfaces for 
supporting guides. 
Send for literature. 


E E IER a SAR TATE TICE a 
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Sillcocks-Miller uses 
“Vinylite” Plastic Sheets 
For Radio Dials 


ELUXE radio dials are made by The Sillcocks- 

Miller Company, South Orange, New Jersey, from 
“Vinylite” plastic sheets. The dials are cut from sheet 
stock and printed in color. Some of them are over-lami- 
nated with paper-thin clear sheet under moderate heat 
and pressure to give lasting luster and protection to the 
printed surface. “Vinylite” resin sheets were chosen for 
this use because they are non-flammable . . . won’t even 
support combustion, which helps assure listing by 
Underwriters’ Laboratories, Inc. In addition, they hold 
their size and shape . . . won’t shrink, expand, or warp. 
This simplifies handling, printing, and assembly. 

These and the other unusual properties listed at the 
right are making ‘“‘Vinylite” resin sheets preferred for 
an ever-increasing number and variety of uses. Send for 
a book of samples now, and let us help you determine 
where in your product these plastic sheets can be used 
profitably. Your request will not obligate you in any way. 


Plastics Division 
CARBIDE AND CARBON CHEMICALS CORPORATION 
Unit of Union Carbide and Carbon Corporation 
30 East 42nd Street [qa New York, N. Y. 
PRODUCERS OF SYNTHETIC ORGANIC CHEMICALS 


W- FLAMMABLE. 


Only Vingi “Lewin Shecele 
Mave 


Gill These /apooriied 


They do not curl, blush, or get sticky—water 
and moisture do not affect them. 


They are non-flammable and will not sup- 
port combustion. 


They are completely resistant to oil, grease, 
and alcohol, and highly resistant to practi- 
cally all chemicals. 


They are exceptionally strong, tough, and 
rigid even at below-freezing temperatures. 


They are tasteless, odorless, and non-toxic. 


They can be easily formed, drawn, and 
laminated under heat. 


They do not warp or shrink on aging—no 
“seasoning” period is necessary. 


They can be printed on in multiple colors 
with perfect register. 


They have and maintain uniform properties 
in all thicknesses. 


Sheets available in quantity, in a variety 
of colors, thicknesses, and finishes. 


Vinylite Resins pzz foe many mow 


The word “‘Vinylite’’ is a registered trade-mark of Carbide and Carbon Chemicals Corporation. 


| lg en ee ELASTIC SHEETING AND FILM ADHESIVES 
MOLDING POWDERS...SURFACE COATING RESINS...COATED PAPER 


Propuct ENGINEERING 











IN THE EYES of your cus- 
tomers — your machines are 
only as good as the motors that 
power them! 


That’s why so many leading 
machine designers today are 
specifying Allis-Chalmers Lo- 
Maintenance Motors for their 
machines. They know that with 
these motors they not only pro- 
vide better machine operation 
.. they get the added dividends 
of customer satisfaction ... 
greater percentage of repeat 


business . . . more sales! 





ead 


Yon Specitfy Clls.Chalanero! 





There’s a reason for all this — 
and that reason is “full-measure” 
construction! 


Lo-Maintenance Features 
Are Selling Features! 

In Allis-Chalmers Lo-Mainte- 
nance Motors you get such first- 
class selling points as — distor- 
tionless, twistless stator . . . in- 
destructible, removable rotot ... 
high carbon steel frame ... no 
skimping anywhere... plus re- 
markable records for standing up 
under severe conditions that 
often wreck ordinary motors. 


These are important features 


(eC 


ALLIS-CHALMERS 


MILWAUKEE 


HOW ALLIS-CHALMERS MOTORS 


ELP YOU 
SELL! 


IT’S EASIER TO SELL YOUR EQUIP- 
ment when it’s powered by motors that 
have customer-acceptance. On this Newton 
Rotary Miller, an Allis-Chalmers Lo-Main- 
tenance Motor not only provides low-cost, 
dependable performance . . . but has sales- 
bringing customer-acceptance as well! 


..extra-value features that really 
count with your customers. They 
are features that will help you in 
selling your own equipment. 


Get in touch with the engineer 
in the Allis-Chalmers district of- 
fice near you for the complete 
story on Lo-Maintenance Motors. 
Or write Allis-Chalmers, Mil- 


waukee, Wisconsin. ee 


Pl ee 







SSr tack a 


D 


TOTE 




















HE TEST OF TIME 


1 DIE CASTING ON THE JOB SINCE 1927 — RESULTED IN THE USE OF 4 IN 1940 


—KEEPS DIE CASTINGS ON THE JOB 


The first use of ZINC Alloy Die Castings 


by a product designer is often prompted 
by an effort to lower manufacturing costs. 
It is the test of time, however, that keeps 
die castings on the job and sets the de- 
signer to finding other parts that can be 
converted. 

A highly regarded clock manufacturer, 
for example, employed a ZINC Alloy Die 
Casting for the first time in 1927— as the 
base on the clock shown at the left. The 


experience gained with this application 
resulted in a wider use of die castings on 
all succeeding models. The latest clock 
produced by this manufacturer has 4 ZINC 


Alloy Die Castings, including the base, 


bezel, and side posts — just about all the 
parts that could be die cast. 
Your manufacturing problems may be 


far removed from those of a producer of 
clocks, but this is only one among hun- 
dreds of similar case histories of die casting 
acceptance in widely varied fields. If you 
are not thoroughly inforrned on the physi- 
cal and economic advantages offered with 
ZINC Alloy Die Castings, we suggest that 
you consult a commercial die caster — or 
write to The New Jersey Zinc Company, 
160 Front Street, New York City. 


This advertisement is the ninth of a series. Copies of those 
preceding gladly mailed on request. 


` The Research was done, the Alloys were developed, and most Die Castings are made with 


HORSE HEAD SPECIAL (unterm avai) ZINC 
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\\\BR ATIO N | at be isola ted 


HEN properly designed into a piece of 
equipment, Lord Shear Type Mountings 
will localize and isolate destructive vibration 
and reduce stress and fatigue to a minimum. 


The effectiveness of these mountings is 
based on the fact that rubber when stressed 
in shear deflects more readily than when 
under direct tension or compression. In ap- 
plying this principle Lord has perfected and 
patented many varieties of bonded shear type 


rubber mountings that provide unusual 
radial stability and axial elasticity. 


Lord Bonded Rubber Mountings will work 
wonders in removing this one basic cause of 
inefficient operation or outright failure due to 
fatigue. This result can be obtained regard- 
less of the size and weight of your equipment, 
or the frequencies of the disturbing vibrations. 

Our Engineering Department has solved 
thousands of vibration problems in connec- 
tion with the correct design of practically 


every type of equipment. This extensive 
knowledge of vibration engineering is avail- 
able for finding the correct answer to your 
particular design problem. 


Lord Manufacturing Co., Erie, Pa. 


*OR ANY ONE OF THE 1,000 DIFFERENT STYLES MADE 


and 
BOnNDFOD RUBGER | 
JOINTS 5 ~ a 


ONDED RUS 


\ 
— -e z ae 


b 


It takes rubber in shear to absorb vibration 









THIS SMALL SHEAR TYPE BONDED RUBBER MOUNTING WILL INCREASE THE EFFICIENCY OF 
YOUR EQUIPMENT BY ABSORBING SHOCK AND VIBRATION; AND WILL PREVENT ITS TRANS- 
FER TO OR FROM SURROUNDING MACHINERY. . . 





LORD PLATE FORM SHEAR 
TYPE MOUNTINGS are made 
with square, diamond or round 
outer plates or in stamped 
holders. The center tube is at 
right angles to the outer plate, 
and the two metal parts are 
bonded to the isolating rubber 
body. Lord Plate Form Mount- 
ings can be used singly or in 
series for suspension of instru- 
ment panels, electrical equip- 
ment, radios, motors, fans, etc. 
that must be isolated against 
receiving or transmitting vi- 
bration and shock. Load range 
is from 1% to 300 pounds. 


LORD TUBE FORM SHEAR. 


TYPE MOUNTINGS consist of 
two metal tubes bonded in 
concentric position to rubber. 
Loads are carried and vibration 
is absorbed axially. This de- 


sign permits loads up to 1500 
lbs. Tube Form Mountings are 


used for equipment when ex- 
ceptional radial stability is re- 


quired, such as internal com- 
bustion engines, motors, com- 
pressors, machinery, etc. 


EG 





Helping solve 


the 


problems... 


Meehanite Clutch Plates 
in AJAX Air Clutch Forging Machines 


The Ajax Manufacturing Company, Cleveland, 
Ohio, first introduced the air clutch to the forg- 
ing machine field. Hailed as an outstanding 
contribution to the forging industry, the air 
clutch presented a truly “tough” problem, a 
problem of successful design being realized in 
the best materials for the job. 

Meehanite driving plates contribute their 
superior strength, wear resistance, and depend- 


ability to the clutch; make up the driving 


YOU CAN SOLVE YOUR TOUGH 
Research [Institute 


Meehanite 
311 ROSS STREET 


medium which transmits energy from the driv- 
ing wheel to the machine during the work cycle. 
In parts like these any possibility of hidden 
weaknesses, internal distorting stresses, or 
structural defects could not be tolerated. 
Meehanite foundries, using the Meehanite 
processes, can eliminate the “unforeseen con- 
tingencies” you are used to considering and 
provide you with better castings, more security, 


less worry. 


PROBLEMS WITH MEEHANITE 


PITTSBURGH, PA. 


Sm Rat inoin -mr mia e a Na a A ee a D 


dnon 


a 


E E E 


DATA i 


a a Mechanite Joundry near you: 


Ansonia, Conn. 

Bethayres, Pa. ap 
Bridgewater, Mass......... ... .- 
Buffalo, N. Y. adits 
Charleston, W. Va 

Chattancoga, Temn...... .....5- see ccees 


Cincinnati, Ohio Ss hte sand 
Cincinnati, Ohio............ 
Cleveland, Ohio. 
Denver, Colo. 
Detroit, Mich. 
Flint, Mich. j oa 
Hamilton, Ohio......... .... 
Irvington, N. J... 
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.Farrel-Birmingham Co., Inc. 
.H. W. Butterworth & Sons Co. 
The Henry Perkins Co. 
Pohlman Foundry Co., Inc. 

.. Kanawha Manufacturing Co. 
Ross-Meehan Foundries 
.Greenlee Foundry Company 

. Cincinnati Grinders Incorporated 
.The Cincinnati Milling Machine Co. 
Fulton Foundry & Machine Co. 

.The Stearns-Roger Mfg. Co. 

D Atlas Foundry Co. 
i “Gonera Foundry & Mfg. Company 

. Hamilton Foundry & Machine Co. 
Barnett Foundry & Machine Co. 
Waterloo, N. S. W. 


Los Angeles, Calif. 
Milwaukee, Wis.. 

Mt. Vernon, Ohio, Grove City, Pa.. 
New York, N. Y... 
Oakland, Calif. 

Orillia, Canada . 
Philadelphia, Pa. 


Phillipsburg, N. J....... .... 
Pittsburgh, Pa. 

Pittsburgh, Pa.. 
Rochester, N. Y............... 


St. Paul, Minn........ 
London, Eng.. 
.. Australian Meehanite Metal Co., Ltd. 


St. Louis, Mo. ..... ie ra rA 


. -Kinney Iron Works 
Koehring Company 


,Cooper- Bessemer Corporation 
.. The American Brake Shoe & Foundry Co. 
.. Vulcan Foundry Company 
EE PETE TASES E. Long, Ltd. 
. Florence Pipe Foundry & Machine Co., 
he D. Wood Company, Selling Agents) 
..Warren Foundry & Pipe Corp. 
Meehanite Metal Corporation 
Rosedale Foundry & Machine Co. 
.American Laundry Machinery Co. 
julien Banner Iron Works 


Valley Iron Works 


The lnteonationel | Mechanite Metal Co., Ltd. 
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omiTiiy NEW 


A Smaller, Lighter Weight Roller Chain 
0.315 in., (8mm) Pitch 





Actual Size—192 INDIVIDUAL PARTS IN TWELVE INCHES OF CHAIN 


SPECIFICATIONS 


Pitch — 0.315 in. (8 mm) Pin Diameter — 0.0905 in. 

Roller Diameter — 0.197 in. Weight per foot — 1.75 ounces 

Inside Width —0.125 in. Tensile Strength — 1100 Ibs. 
A featherweight—twelve inches weighing only 134 ounces, Drives is still further extended by this new chain. All the 
one link only .0459 ounces—this sturdy little chain will advantages of Diamond Roller Chain Drives are provided 
transmit power quietly and smoothly, at still higher speeds in a still smaller “package’— more compact, lighter in 


weight, extremely short shaft centers. 

Fifty years of specializing in the manufac- 
ture of one product— Diamond Roller Chain 
Drives—have made it possible to build the 
same quality and endurance into this extremely 
small chain that are characteristic of the larger 
sizes. “Built like a watch" is not just an idle 
statement—the 192 individual parts in one foot 
of chain are made with such accuracy that 
the total length tolerance is plus .0156 
minus .000”. 

A free sample of this new lightweight and smaller Dia- 
mond Roller Chain (Model No. 88) will be sent to those 
who may be interested in its possibilities .. . DIAMOND 
CHAIN & MFG. CO..443 Kentucky Avenue, Indianapolis, 
Indiana. Offices and Distributors in All Principal Cities. 


Full size picture of 14:1 reduction drive 
on 2.56” centers. Capacity of this drive: — 
4 h.p. at1800 r.p.m. « 1h.p. at 3600 r.p.m. 


than the larger sizes of standard Diamond Roller Chains, 
—%" to 24” pitch inclusive — with the same high effi- 


ciency and the same sure, non-slip, non-creep advantages. 





The wide range of utility of Diamond Roller Chain 


50TH ANNIVERSARY «+ 1890-1940 GEE 
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Many 
Y Micro Switches 
To Fit Many Jobs 


ASIC Micro Switch characteristics are varied to meet industrial needs 
and combine with metal housings and actuators into over 400 sepa- 


rate styles. 


The Basic Micro Switch is a small, precise snap-action switch enclosed in an 
Underwriters’ Listed plastic housing. It weighs less than one ounce, requires 
energy ranging from only .004 to .0003 ounce inches, depending on type of 
switch desired, and will operate 300 times per minute for as high as ten-million 
trouble-free operations. Underwriters’ rate it at 1200 watts up to 600 volts, A.C. 


The name “Micro Switch”, therefore, indicates more than a small bakelite-en- 
closed switch .. . It identifies a line of switches designed for broad application 
in industry. 


The Micro Switches shown here, and others not shown, are now widely used in 
the machine tool industry, in aircraft, in instruments, in thermostats, in com- 
mercial phonographs, in the process industries—in hundreds of other products 
and places where time, temperature, pressure, weight, relays or solenoids are 
part of control. The sketches shown below suggest the countless applications of 
Micro Switches. 


Micro Switch engineers are specialists in precision switching. Ask for their 
suggestions as to the application of Micro Switches to your design problems. 
Data sheets covering the above switches are available. 


Solenoid 
Control— 
Plunger of 
solenoid 
actuates 


Micro Switch to con- Hinged dog on slide 
actuates sealed metal 


clad Micro Switch only 
on one direction of dog. 


lathe carriage actuates a 
tn Dis Cas firo trol other circuits. 
Switch at end of travel. 


— 
Diaphragm Pressure 


The Roller-Actuate< 
ES Micro Switch is widel 
used as a precision lim 
switch in the machine tox 


and packaging industries. 


The Synthetic-Rubber-Sealed 
Die-Cast Micro Switch is a spe- 
cially designed water, oil and dust- 
tight switch. Available for wide tem- 
perature range. 


The Explosion Proof Micro Switch 
is small—only 18 cubic inches. It is a 


cng pole, double throw switch, listed 


by Underwriters’ for hazardous locations, 
Class I Group C and D, Class II Group G. 


eo 


The Micro Air Switch is a spe- 
cial, light weight, aluminum, all 
purpose switch designed for aircraft 
applications. 


Actuated—The pres- 
sure of a liquid or gas 
against the diaphragm 
actuates the Micro 
Switch at desired limits 
of pressure. 


Disc and Cam Operated 
—A sequence of oper- 
ations is controlled by 
means of a roller-leaf 
actuator following the 
strips on a driven drum. 


Thickness Limit Switch 
—Roller type actuator 
rides material and op- 
erates the switch if thick- 
ness limit is exceeded. 


The Roller-Plunger Die Cast Mi- 
cro Switch is a limit type switch with 
roller adjustable to longitudinal or 
cross-wise position. 


Copyright 1940, Micro Switch Corporation 


uv 


ARK 


Manufactured in FREEPORT, Illinois, by Micro Switch Corporation. Sales Offices: New York, Chicago, Boston 


Propuct ENGINEERING 









Eleven applications of the Needle Bearing help to reduce friction, increase operating 
efficiency and add to the service-life of this Model KM Centaur Hi-Way Mower. 


page and lurching up-ditch, 
down-ditch, over slopes, fills and 
embankments—and most of the time at 
an acute angle—the popular Centaur 
Hi-Way Mower plies its job of keeping 
road-borders clear of weeds and other un- 
sightly growths that mar the beauty and 
impair the safety of modern highways. 
As can be appreciated, such rough and 
tumble service imposes severe strain on 
every component part of this motorized 
mowing unit. Therefore, the long service- 
life of the Model KM Centaur is ade- 
quate testimony to the skilled engineer- 
ing construction with which it is built, 
and the care with which integral parts 
are selected. ð 
The Torrington Needle Bearing is no 
exception to this rule. According to Mr. 
E. A. Cross, Superintendent of the Cen- 
taur Corporation, “The Needle Bearing 
was selected because it is economical in 
cost, simple to install, requires minimum 
space in cramped locations, retains lubri- 
cation well, and withstands heavy rotat- 
ing and oscillating loads effectively. 
“All told,” adds Mr. Cross, “eleven 
applications of Torrington Needle Bear- 
ings are used on Centaur KM and RW 
mowing equipment. In three applica- 
tions of the Needle Bearing, Torrington 
inner races* are used as ‘bushings’ to 
withstand heavy oscillating shock loads 
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Typical of these applications is the mower drive shaft, 
belt tightener, pulley and bracket which illustrates 
the compact design permitted by Torrington Needle 
Bearings. 


and have proved very efficient.” 

When any manufacturer selects the 
Needle Bearing for as many of its fea- 
tures as has the Centaur Corporation, 
there is very little that we can add. 


Except, perhaps, to stress its ready 
adaptability to product design, which 
frequently results in marked savings in 
weight, space and cost. That, plus the 
suggestion that you translate these re- 
markable manufacturing and operating 
advantages into terms of your product, 
to appreciate why so many leading man- 
ufacturers have adopted this revolution- 
ary anti-friction development. 

For further information write for 
Catalog No. 8. For Needle Bearings to 
be used in heavier service, request Book- 
let 103X from our associate, the Bantam 


Bearings Corporation, South Bend, Ind. 


*Where a hardened shaft is not feasible, a Torriagton 
hardened inner race can be supplied. 


oe os 1866 (6 
Jorringlon, Conn, USA. 
Makers of Needle and Ball Bearings 


New York Boston Philadelphia Detroit 
Cleveland Chicago London, England 


TORRINGTON 


NEEDLE BEARING 
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(Above) On the work rolls of this cold strip 
mill, Bantam Straight Roller Bearings (13” I.D., 
1714” O.D., 10” long) are used. 


NEW TONNAGE PEAK SET 


WITH 


(Above) Both work rolls, and back-up rolls of 
this continuous hot strip mill use Bantam 4-row 
Tapered Roller Bearings. 


BANTAM-BEARING-EQUIPPED ROLLS 


ese tonnage high for an 8-hour run on a continuous 
cold strip mill was the record recently established at the 
plant of one of the country’s leading steel producers. And the 
work rolls of the mills on which this record run was made are 
equipped with Bantam Bearings. 


This is but one of the places in this modern plant where 
Bantam Bearings are helping to set new standards of steel 
mill performance. On the continuous hot strip mill are 4-row 
Tapered Roller Bearings also designed and built by Bantam. 
Bearings with a 3514” O. D, and 18” long are used on the back-up 
rolls of this mill. Work rolls are also equipped with Bantam 
Bearings of the same type, measuring 13” I.D., 1744” O.D., 
10” long. 


These bearings are a typical illustration of Bantam’s abil- 
ity to meet unusual requirements with anti-friction bearings. 


(Right) A single large 
4-row tapered roller bear- 
ing designed by Bantam 
for heavy duty mill ser- 
vice. Bantam has made 
many of the largest bear- 
ings ever built. 


Straight roller, tapered roller, or ball bearings—Bantam makes 
them all—is ready to supply the size and type needed for any 
service requirement. And the comprehensiveness of Bantam’s 
line of bearings gives added value to Bantam’s engineering 
counsel. With a background of years of experience in the design, 
manufacture, and application of every bearing type, Bantam 
engineers give unbiased, authoritative advice on bearing selec- 
tion. For bearings that will give long, low-maintenance ser- 
vice under the severest conditions—TURN TO BANTAM. 


BANTAM BEARINGS CORPORATION « SOUTH BEND, INDIANA 
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Let us help you 
with your 


When increased production schedules begin 
to overtax the facilities of your plant... call 
in a Johnson Engineer. Perhaps we can 
show you an easier, more satisfactory way 
of securing and installing your bearing re- 
quirements. Then too, we may be able to 
show you how to convert equipment... now 
used in the production of bronze parts... 
to more profitable uses. Or we may be able 
to offer worthwhile suggestions on rehabili- 
tating old equipment. At any rate, we will 
gladly match our time against yours in solving 
your bearing problems. All of our recom- 
mendations will be based strictly on facts... 
free from all prejudice . . . supported by more 
than thirty years exclusive bearing experi- 
ence. Your inquiry carries no obligation. 


JOHNSON BRONZE 


508 SOUTH MILL STREET 


NEW CASTLE, PA. 


x 





Emergency 






Che most complete SLEEVE BEARING SERVICE in the world 
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All These and Heaven, Too 


(>. definition of the word 


“heaven” is: “Any place of great comfort”. Hence, 
comparatively speaking at least, a plant which 
operates year in and year out free from motor 
failures is “heaven” when it is compared to one 


which is frequently shut down for motor repairs. 


Crocker-Wheeler is able to offer you a complete 
line of polyphase alternating-current motors, all 
types and all sizes from 14 to 10,000 horsepower 


—‘‘and Heaven, Too’’ —because Crocker-Wheeler 






motors help to prevent costly shut-downs. They 


are motors that can be installed and then forgotten. 


Write today for your copy of the new 6-page 
Motor Price List, which gives prices, weights and 
dimensions of standard motors in sizes up to 


75 horsepower. 


CROCKER-WHEELER ELECTRIC MFG. CO., AMPERE, NEW JERSEY 


‘Sales Offices in Principal Cities 


Products: Polyph@se Induction Motors, Synchronous Motors, Direct- 
current Motors, Alternating-current Generators, Direct-current 


Generators, Motor-Generator Sets, Flexible Couplings. 
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THE TEST OF SATISFACTION IN 


ELECTRICAL CONTACTS 
AS WELL AS SHOES... 


Which will fit 


YOU ka 


When Mallory makes a contact recommendation you 
can be sure that it will “fit” because it has been based 
wholly on these two vital factors. 


1. Experience of years of specialization. 


2. Painstaking study of the specific problem, 
backed by a succession of exhaustive labora- 
tory and service tests. 

Mallory’s recommendations are unbiased because 
Mallory manufactures every type of contact. Solid 
rivets, silver-faced base metal-backed types (domed 
and flat) with rivets, projection backs that facilitate 
welding, or solder-flushed backs for spot soldering, 
‘screw types (with contact on either nl end or screw 
end) aa many special designs. 

Mallory also manufactures a complete line of contactor 
materials for circuit breakers operating in air and oil 
—for heavy, medium and ordinary duty—where the 
contact material must (1) break the are only; (2) carry 
the current and act as arcing tip. 


In addition Mallory makes a complete line of inlay 
and overlay bi-metals for users of electrical contacts, 
and for instrument builders, laboratories and chemical 
industries employing bi-metals because of their resis- 
tance to corrosion. Wherever it is desirable to combine 
the qualities of two different metals, Mallory can help you. 
Write today for the Mallory Engineering Data Book 
on Electrical Contacts—or submit your contact prob- 


lems to Mallory engineers for rec ‘ommendation of the 
material best suited to your needs. 


P. R. MALLORY & CO., Inc. 
INDIANAPOLIS INDIANA 
Cable Address — PELMALLO 


One Dependable Source 


for all your ELECTRICAL 
CONTACTS 


P.R. MALLORY & CO. inc. 


WOR. 
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CONTACTOR FACINGS AND INSERTS 
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QUESTIONS IN TESTING 


make this FREE BOOK important to 
YOU 


An aircraft manufacturer 


opens its 


COMMERCIAL 
TESTING 
LABORATORIES 


to other industries 
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Today national urgency as well as sound industrial 
practice requires that manufacturers know their products 
in advance. “Should” has become “must” in meeting 
service conditions. To meet the new demand for com- 
plete, up-to-the-minute industrial testing facilities, the 
Bell Aircraft Corporation, conveniently located in Buf- 
falo, offers its Commercial Testing Laboratories with air- 
craft standards of accuracy. We'd like to send you, free 
of charge, a booklet on the latest developments in the 
technic of testing. It may suggest to you, as it has to many 
others, a means of making your products more easily, or 


at less cost. or better. Use the convenient coupon below. 


May we send you our TESTING LABORATORIES 
book. Write Commercial Test Division, Dept. 10, 
Bell Aircraft Corporation, Buffalo, N. Y. 


USE THIS FOR 
Name 

F R E E Position 

BOOKLET 


Firm Name 


Address 








THE RELAY 


THAT SURPRISED EVEN ITS DESIGNERS 


OFFERS 4 DEFINITE 
BENEFITS TO USERS 


1. Reduced user's assembly cost (relays are 


pre-adjusted) 2. More reliable operation (con- 


tacts have heavy pressures—are self-cleaning) 


3. More positive action (armature restored by 


leaf spring) 4. No overheating (coil is self pro- 


tecting). 


You can enjoy these benefits. Write Dept. A 


for information. 


AN OFFER... 


Tell us (1) Your product or oper- 
ation (2) Function and perform- 
ance details (3) Whether chief 
objective is improved per- 
formance or reduced cost. 
We'll send a helpful recom- 
mendation, free. Write Dept. A. 


AUTOMATIC <: 


ELECTRIC 


Relay Makers Since 1898 
1033 West Van Buren Street, Chicago 


For dependable performance 


ALLEN-BRADLEY chooses WILCO 


It just doesn’t pay to take 
chances with quality. And 
Allen-Bradley, famous manu- 
facturer of motor controls 
proves it by using cadmium 
silver electrical contacts as 
manufactured for them exclu- 
sively by Wilco! 

Pioneer in the development, 
manufacture and sale of elec- 


trical contacts and thermo- 
metals, Wilco is the preferred 
mame in temperature control 
in any industry you can 
name. Take full advantage 
of Wilco’s experience and re- 
search leadership in both of 
these highly specialized fields. 
Outline your particular prob- 
lem and write Wilco today! 


The H. A. Wilson Co., 105 Chestnut St., Newark, N.J. Branches: Detroit & Chicago 


WILCO 


SPECIAL ALLOYS... 


PLATINUM... SILVER... 


ELECTRICAL 
CONTACTS 


. TUNGSTEN 
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Spes if ENDUS 


There are thousands of good distance swimmers ... 
for every one who is truly great. When others quit 
from fatigue, the great one is just getting his “‘sec- 
ond wind.” Just so, the extra “power hours” built 
into Dumore motors lift them far above the field 
when precision and endurance qualities, not price 
alone, are prerequisites. Dumore applications range 
from powering foolproof aircraft controls to the 
finest of surgical devices. What are your exacting 
power requirements? The consultation of Dumore 
engineers is yours without obligation. Write for 
facts and the brochure, “Speaking of Endurance.” 


THE DUMORE COMPANY, Dept. 330-M RACINE, WIS. 


SPECIFICATIONS TYPE ~EL MOTOR 
Series Universal Motor; 0-60 cycles; H. P. range, 1/40- 
1/66; full-load speeds 200-3000 r. p. m.; amperes (115 V.) 
5; watts input, 62; duty, 30 minutes; temperature rise 
40°C; cooling, internal fan; bearings, composition bronze; 


motor housing, die-cast aluminum; weight 1 lb. 15 oz Aij Dany POWER Ue 
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HEATING UNITS 





SUIT: 
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eT A | MAIL WITH YOUR BUSINESS LETTERHEAD 


eee ee eee eee ee eK Oe ee eee ee meme: 


EDWIN L. WIEGAND COMPANY 
7535 Thomas Blvd. Pittsburgh, Pa. 


Send me the CHROMALOX BOOK OF ELECTRIC | 
HEAT. | 
Name 


Position 





Also Rotary- 
Motor- Converters. 
Generators. 

Frequency- 

Dynamotors. Changers. 
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R-B-M MANUFACTURING CO. LOGANSPORT, INDIANA 


HESE circuit breakers provide a definite overload 
protection for electrical circuits where the demands 

of such circuits are subjected to varying conditions ... 
— to its adaptability, bimetal is used as the active 
ment to automatically produce the necessary motion. 

> your product calls for automatic movement at certain 
temperatures, then specify Chace Thermostatic Bimetal as 
the active element of your control ... always dependable. 


W. M CHACE CO. 


1607 Beard Avenue - - - Detroit Mich. 











YASSUH! For a wealth of information on electrical 
and mechanical parts, materials, types of construc- 
tion, and engineering department supplies, read the 
advertising pages in this big issue of PRODUCT 
ENGINEERING. 





SPECIAL MOTORS 


Designed for each application 





Send us your problem. We can help you. 


ELECTRIC SPECIALTY CO. 


209 SOUTH STREET, STAMFORD, CONN. 
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 WELCO) 
TORQUE MOTORS 


ENHANCE 






WHEN MADE A 
PART OF YOUR 
MACHINE, BY 
PROVIDING SIM- 
PLE RUGGED 
CONSTRUCTION. 


ASK A USER OF 
WELCO TORQUE MOTORS 


THE B. A. WESCHE ELECTRIC COMPANY 


CINCINNATI, OHIO 





ONE SOURCE OF SUPPLY 






Soloes Che Contest Perben h 


Whether stock or special contacts are required, 
Callite can supply them if they are of tungsten, 
molybdenum, silver, platinum, palladium, or 
special alloys. Moreover, Callite engineers are 
ready to cooperate with manufacturers on spe- 
cial contact problems involving unusual operat- 
ing requirements. Long years of specialization in 
this field enable Callite-Tungsten to supply any 
and ali of your contact requirements—economic- 
ally, dependably and quickly. It pays to contact 
Callite for contacts. Catalog and samples on 
request. 


Callite contacts are available in 
TUNGSTEN, MOLYBDENUM, SILVER, PLATINUM, PALLADIUM AND 
IN ALLOY COMBINATIONS OF THESE METALS, 


CALLITE TUNGSTEN 


CORPORATION 
550-39th STREET + UNION CITY, NEW JERSEY 
Cable CALLITES 
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FLAMENOL 


Reg. U. S. Pat. Of | 


TENSILE STRENGTH 





in Lb per Sq In. 
96 Hours |504 Hours 
a in in 
Original Oxygen Oxygen j 
Bomb Bomb 
2100 2100 2100 


S IF anything could have a life of | 

1,000,000 years! And we’re making 

no such fantastic promise. But the point 

is that Flamenol contains nothing that 

will oxidize; there is no reason why it 
should deteriorate with age. 


Tests indicate that this is true. After 
accelerated aging in the oxygen bomb, at 
300 pounds per square inch for 504 hours 
at 70 C, Flamenol shows no sign of de- | 
preciation in tensile strength. 
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The results of recent tests in oil are 
even more remarkable. A G-E cable 
specialist will be glad to go over the 
detailed data with you. Ask him, too, 
about the reduced thickness 
of insulation on certain sizes $ 
and the new low prices.  Gkiiitauiskiini 
General Electric Company, CC 


Schenectady, N. Y. ALWAYS 
RIGHT 
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MOTOR PAR 


in Your 
Devices 


* AILORED” series-motor parts give you 


and your customers the 


. . . 


benefits of parts 


WHY You Should Use TAILORED 


i lts 
devices. This proper fitting of motor parts resu 


i life— 
in satisfactory Motor operation and long 11 


features that 
with your products. 


you will like to have associated 


iall 
General Electric series-motor parts are specially 


designed and manufacture 
correct characteristics 
High-quality materials, 

d 
processes, an 
bined to give the motor performance 


want your customers to enjoy. 


Decrease Size and Weight with G-E Parts 


The use of series-motor parts minimizes both size and 
weight of a unit because the housing and end shields are 
part of the complete device. Moreover, large outputs are 
mobtained from physically small motors. Why not get G-E 
series-motor parts for your devices? These carefully built 
and carefully tested parts are available in the following 
types: 
NORMAL-SERVICE PARTS 
For high-speed applications where duty is intermittent, 
where constant speed is not required, and where the load is 
fairly constant; for example, domestic mixers, vacuum 


leaners, and similar devices that limit light-load speed and 
do not operate without load. 


EAVY-DUTY PARTS 
or tools, such as drills and saws, where speeds are high 


Fe 
is 
ek 


and overloads may be severe for short periods. They are 
built for unusual service conditions— windings are moisture- 
resistant and firmly bonded to withstand high speeds. 


COMPENSATED PARTS 


For devices requiring better speed regulation, greater start- 
ing torque, and greater output than can be obtained with 
heavy-duty parts. They differ from the latter in the con- 
struction of the field coils. 


G-E engineers will be glad to help you select the correct 
parts for your application and in designing your device so 
that adequate ventilation is obtained for the motor. For 


information, call the nearest G-E office, or address General 
Electric, Schenectady, N. Y. 


d to give them the 
for your applications. 
correct design, special 


expert workmanship are all com- 
that you 
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CONTROL 


AT NEW LOW PRICE 


















$28.15 > 


COMPLETE 
RELAY ALONE 


$19.50 


THIS NEW PHOTOELECTRIC RELAY opens new possibilities 


for control by means of the “electric eye.’’ Despite its sensa- 
tional low price, it is an exceptionally durable, long-lived 
control. Its novel enclosure makes it remarkably easy to 
install. And because of its attractive, streamlined styling, it will 
fit in pleasingly wherever it may be located. 


















Whether you’re interested in photoelectric control for your 
plant processes or for use on the equipment you manufacture, 
you'll find this new relay worth looking into. 


U $ E | T FO x *Includes relay and light source, 


ae chown, phie trancormer 22222°° 0 —i‘(‘(‘é‘“‘( ld 4 
e 
è limiting travel 


® protecting workers 


\ 
1c 
® automatic weighing General Electric Co., R7505-K100 pisania \ 
° : nenectady, N. ¥- on your ae . the many combina \ 
®inspecting packages Se ad me literature OF J isting \ 
Please $° what it can do for 
@control of machines relay explaininé 


. ° jlable. all 
@counting production — 3 





@experimental projects Name --------"" 





Address -----""~ ions 


e laboratory experiments 






esorting objects by size ene 


GENERAL ( ELECTRIC 


WAGNER MOTORS 


are designed to 


harmonize with modern 


HE modern trend is toward neater, more 
compact machinery. Sometimes the mo- 
tor presents a problem in the streamlining 


of machinery, but not where Wagner motors 


are used, for Wagner motors are designed 
to harmonize with the most modern ma- 
chinery and appliances. No longer must the 
motor be an unsightly appendage on an 
otherwise modern piece of equipment. 


Wagner motors are designed for compact- 


ness and neat appearance. They seemingly 


become an integral part of the equipment 
which they operate. 


Appearance is only one reason why more 
and more manufacturers are selecting 


Wagner motors for their modernized equip- 


ment. There are other reasons too. Wagner 


motors are sturdy and reliable. Their record 
for performance and dependability is your 
assurance that they will give the kind of 
service you want your equipment to give. 


Wagner motors are so diversified in types 
and ratings that you can select the motor 


that exactly meets the electrical and mechan- 
ical requirements of each particular machine. 


Wagner maintains twenty-five sales and 
service branches located throughout the 
United States. Each branch carries a stock 


of motors ready for immediate shipment. 
Modern design... reliable performance 
... diversified types... convenient loca- 


tion... four important considerations in 
the selection of motors for your equipment. 


WRITE FOR BULLETINS 
MU-177, MU-179 and MU-182 


These bulletins 
are fully illus- 
trated, showing 


cutaway views, ; ` á 
performance : FA 

. curves, etc. ; — 
Write for Your ; 
Free Copies feb Se 
Today. Cae ee é ieee : 

M4038) fe yee s To P 
Wagner Electric Corporati 


6400 Plymouth Avenue, Saint Louis, Mo.,U.S.A. 
MOTORS èe TRANSFORMERS è> FANS è BRAKES 
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THERE’S A 


gat 


FOR EVERY TYPE 
TS EN dala 


Westinghouse 


GEARED DRIVES 
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ALLIANCE 
MODEL “K” MOTOR 


fill it 


Yom 
cy! 
for 1000 uses! 


TEs UP TO '/100 H. P. UNDER CONTINUOUS ek 


Scores of uses such as driving fans, movie projectors, and other light 
home appliances, powering toys, motion displays, switches and con- 
trol systems—these and many other applications have proved the last- 
ing dependability of Alliance’s line of inexpensive small motors. 


The recently designed, Model K shaded pole induction motor, illus- 
trated above, is the last word in efficient small motor design. When 
quantity warrants, this motor can be furnished with variations to 
adapt the basic motor to a specific application. Model K can be pro- 
duced in all standard voltages and frequencies with actual measured 
power outputs ranging upwards to 1/100 H.P. Greater outputs can 
be obtained, when used for intermittent duty only or where forced 
ventilation is provided. A two pole design is employed with no load 
rotor speeds of approximately 3450 R.P.M. 


Finest materials and precision manufacturing assure long life and 
freedom from breakdowns. 


Write today for further information. Address Dept. G. 


ALLIANCE MFG. CO.* ALLIANCE, OHIO 


fo i:4:335, me Offers No Problem 
DENSITY ÆA PLE 


SILVER -NICKEL -TUNGSTEN 
CONTACTS 


Note in the graph above that the GIBSILOY contacts were 
operated under high current density for relatively long periods, 
and that the circuit was made and broken every seven seconds. 
Despite these severe conditions, the temperature rise was less 
than 15 deg. C., indicating low contact resistance. Other desir- 
able properties of GIBSILOY Grade NW silver-nickel-tungsten 
contacts include high resistance to arcing, high conductivity, 
long life, and excellent non-sticking and non-welding charac- 
teristics. They have given superior performance on such ap- 
plications as small circuit breakers, motor starter switches, 
line starters, and relays. 

GIBSILOY Ductile Contacts from Powdered Metals are avail- 
able in a wide variety of compositions and shapes to meet 
any contact requirement. Write for free copy of our new 
Catalog C-10. 


SREP FTP THT 77 


fibsiloy 
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Gipson Etectric COMPANY 


8358 Frankstown Ave., Pittsburgh (21), Pa. 





FENWAL AIR THERMOSWITCH 


A Junction Box, now attached to 
the cartridge type thermoswitch as 
shown, allows use of BX or Conduit 
attached to terminal block within 
protective cover. Permits, also, use of 
graduated dial and knob and protec- 
tion of lead wires. To its already 
wide application now is added the 
field of ventilation and air condition- 
ing. “Hex” type for immersion con- 
trol also available. 


 ) 


30 MAIN STREET 
ASHLAND,MASSACHUSETTS 








Worm Drive Back Geared 
FLEA POWER MOTORS 


110 VOLT 


AC, DC, or Universal 


Motorize products, make them Automatic with Speed- 
Way Motors. 

Dependable 110V Miniature Motors . . . to your 
requirements . . . A.C., D.C., or Universal, Case 
or skeleton types, with or without back gears. . . 
any speed or torque. Hundreds of thousands in use. 

Low Cost . . . produced in volume by modern 
production methods. . . . surprisingly inexpensive. 

Technical Service . . . state your problems, we’ll 
answer with prices, specifications. and possible 
delivery dates. Any Quantity . . . 1 or 1,000.000. 

Write for Motor Sheets 


SPEEDWAY MFG. CO 
1846 So. 52nd Ave., Cicero, IIl 


oo 
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OHIO Torque 
MOTORS 


Wound to rotate slowly or stand 
stalled but exerting full torque, 
without overheating, for any 
length of time suitable for the 
cycle of operation. Ball bearing 
and quiet operating. Built for 
multiple or single phase a.c., 
and for direct current. Sizes to 
exert torque from 1 oz. ft. to 
100 oz. ft. equal to 1/16 ft. Ib. 
to 7, ft. Ib. 


What is your problem? 
THE OHIO ELECTRIC MFG. CO. 


5911 Maurice Ave. Cleveland, Ohio 
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(Citi TYPE SCX MOTORS 


Provide 35% Lower Starting Current 


Centrifugal Pumps 





Air Conditioning Fans and Blowers 


It will pay you to investigate the advantages 
of Century Type SCX Squirrel Cage Induction 
Motors for applications where very low start- 
ing current is an essential requirement. 


This type of Century Motor will help solve 
such problems as voltage fluctuations caused 
by the shock of heavy motor starting current— 
limited starter and transformer capacity—and 
in many applications results in a saving on 
expensive motor control accessories. 


As an example, one Century customer using 
three 250 horsepower Type SCX Motors, driv- 
ing large pumps, has limited his starting cur- 
rent to 2400 amperes per motor on a 208 volt 
net work line. 220 volt motors would require 
only 2270 amperes. Here is definite proof of 
the ability of Century Type SCX 
Motors to keep starting current low. 


One of the Largest Exclusive Motor 









Century manufactures a wide variety of 
motor types, from fractional to 600 horsepower, 
all of which are equally effective in solving 
the numerous problems of industrial, commer- 
cial and domestic motor drives. 


For many years, Century has specialized 
in the problems of refrigeration and air con- 
ditioning motorization. As a result, Century 
has developed specialized motors which have 
met the exacting requirements of thousands 
of installations in your industry. For complete 
information call in your nearest Century 
Motor Specialist — his advice is valuable and 


always at your service. 


CENTURY ELECTRIC COMPANY 


1806 Pine Street St. Louis, Missouri 
Offices and Stock Points in Principal Cities 






| on. VICKERS for the BEST in Hydraulic 
Pumps and Hydromotive Controls 


This splendid new addition 
to the Vickers plant more 
than doubles Vickers capac- 
ity for manufacturing and 
engineering research. It was 
built to better meet your 
needs—your rapidly grow- 
ing demands for Vickers 
= Hydromotive Controls. 


The superior quality of VickersControls has been 
a factor in increasing the business of Vickers’ 


VICKERS Incorporated > 


1454 OAKMAN BOULEVARD 
DETROIT, MICHIGAN 


customers. Their increased business has in turn 
increased their demands for Vickers products. 


Leadership inevitably gravitates to products of 
definitely superior quality. Vickers aggressive 
research, long experience, engineering service, 
and improved manufacturing facilities provide 
assurance of continued superiority. 


Engineers and builders of Vickers 
Hydraulic Pumps and Hydromotive 
Controls for machine tools, hydrau- 
lic presses, special purpose machin- 
ery, steel mill equipment, plastic and 


die casting machines, aircraft, etc. 





TO BETTER MEET YOUR NEEDS 


* 
ICKERS 


Sales 
Engineeri 


Offices 


DETROI 

CHICAGO 

CLEVELAN 

LOS ANGEL 

sain NEWARK 

‘\\\ WAN ROCKFORI 
AAAY we s TULSA 


AAAA 


WORCEST 





Cleveland Units on 


2A 


e Cleveland Units operate the 
pusher mechanism and both door 


hoists—all of which are synchro- 
yw 


$ 


nized to provide full automatic /f 


F 


i 


operation of the Holcroft / 
Continuous Heat-Treating Furnace. 

Whether your machines require single 
or multiple drive units, you can depend 
upon Clevelands’ sturdy, hard-fighting 


qualities under the toughest loads— 

















Automatic Furnaces 


many have operated beyond 
record-keeping, without needing 
a cent’s worth of replacement. 

Are you completely up-to-date 
on Cleveland information? Ask an 
experienced District Engineer to help 
you select the right type, size and 
ratio for your own applications. The 
Cleveland Worm & Gear Company, 
3279 East 80th Street, Cleveland, Ohio. 


Affiliate: The Farval Corporation, Cleveland, Manufacturers 
of Centralized Systems of Lubrication 
In Canada; PEACOCK BROTHERS LIMITED 


@ Now you can protect your agitators, mixers, conveyors and other 
equipment from damage caused by jamming or becoming over- 
loaded. Those repair costs can be cut out, production delays 
eliminated and delivery dates met. How? . . . by driving this equip- 
ment with a Philadelphia PlaneTorque MotoReduceR. All Philadelphia 
MotoReduceRs, both horizontal and vertical, can be supplied with the 
PlaneTorque safety feature. It automatically and instantly shuts off 
the motor when the load exceeds a predetermined value. Then when 
load is removed, unit can be started without re-setting. Remember, 
PlaneTorque provides this unfailing protection to machinery and driv- 
ing mechanism alike. Write us today for full details. 


Industrial Gears and Speed Reducers 
Esie Ave. and G St. 


Philadelphia, Pa. 


e 
New York » Pittsburgh - Chicago 
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WE CAN SHIP THEM TODAY 
Suendly, Personal Service 







all times of WHS TRANSMISSION 
MACHINERY 
ITEMS in a wide | 


range of popular sizes 


Adequate stocks are maintained at | 
| 












COLLARS 
COUPLINGS 


PILLOW BLOCKS 

plain and anti-friction types. 
Sizes . . . 1⁄4" to 114" from 
stock. 


SPROCKETS 
for Roller Chains 
"Vv" GROOVE and CONE PULLEYS 


FOR YOUR STOCK GEAR NEEDS 


HERE’S OHIO 
"Off-the-Shelf Service" x 


Hurry, Hurry! Meet America’s demand for more 
machines. Take the shortest cut to faster produc- 
tion on the machines you build. Save time, labor 111 EATON STREET, SPRINGVILLE, ERIE COUNTY, N. Y. 
and cost. You can do it by utilizing stock gears 
and reducers. That’s the sure way to cut one 
bottle neck in machine production. 


s 
For quick action on every type of stock gear A S wee p in g S uccess 


or speed reducer, call the nearest Ohio Gear a 
representative. Thousands of types and sizes are In Austin-Western Swee pers 
ready for immediate shipment to you. An Ohio co s ; 

Gear catalog will help in your selections. Send 


con condos ROCKFORD. 


THE OHIO GEAR Co. | 
1325 E. 179th Street * Cleveland, Ohio | PLATE 
Representatives | 


*New York City, N. Y. *MINNEAPOLIS, MINN. = 
Patron Transmission Co. Industrial Supply Co. | i 
154-156 Grand Street 537 S. Seventh St. ig 





Have you our Transmission 
Machinery Catalog No. 739? 
Sent on Request. 





Zy HUE. 



















New ENGLAND George G. Pragst BurFALo, N. Y. 
260 Esten Ave., Pawtucket, R. I. F. E. Allen, 2655 Main St. 
“Les Anos Es, CALIF. "Kasana on. a, re | A Rockford Spring-Loaded Clutch 
. W. Minder Chain & Gear Co. ansas City Rubber elting C | 
927 Renna capt name - 712 Delaware Street é co. controls transmission of power in the 
GRAND p Rarivs, MICH. *SAN FRANCISCO, CALIF. | Austin - Western Sweeper illustrated 
W. H. Slaughter Adam-Hill Co. i 
419 Oakdale St., S. E 244-246 Ninth St. and is a sweeping success in contri- 
*PITTSBURGH, PA. : LouIsviLLe, Ky. buting to smooth, easy, dependable 
Standard Machinists Supply Co Alfred Halliday, 330 Starks Bldg. operation. Rockford Clutches, in 
South 2nd and McKean Street *INDIANAPOLIS, IND. , i 2 
Darnet. Dist R. Young Spring-Loaded or Over-Center types, 
George P. Coulter - 18 North Delaware Street | provide highly satisfactory clutch con- 
ok ee St. Louis Tool Co. trol for numerous and varied lines of 
oes 2319 N. Ninth Street equipment. The Spring-Loaded 


Clutch operates like an automobile 
clutch; the Over-Center locks in or out 
of engagement. Write for information. 
Rockford Industrial Clutches are made 
with single and double drive plates, 
for operation in oil or dry, in sizes up 
to 20” diameter for transmitting 2 to 
80 h. p. at 100r. p.m. Investigate. 







PULLMORE CLUTCHES 
Multiple - disc, single and 
double types for oil or dry 
operation. Capacities from 1 
to 75 h. p. at 500 r. p. m. 


Rockford Drilling Machine Division Borg-Warner 
209 Catherine Street, Rockford, Illinois, U.S. A. Corporation 


a a a y a a AA ecietelaadeaaetin naa 
Over-Center Clutches e Spring-Loaded Clutches e Pullmore Clutches 
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HYATT WOUND ROLLER TYPE AND 
HY-LOAD SOLID ROLLER BEARINGS 
shown opposite. Inherent design ad- 
vantages, uniformity and accuracy, 
along with their capacity for heavy 
loads, account for the widespread 


application of these better bearings. 


UNDER HEAVY LOADS day in and day out... Hyatts run smoothly and 
enduringly! No matter what the application—Hyatts keep equipment 
working ...survive where others fail! Everywhere Hyatt Roller Bearings 
are proving their mettle and are assuring dependable operation and 
longer equipment life! Let us give you further facts about these better 
bearings for the machines you build or buy! Hyatt Bearings Division, 


General Motors Sales Corporation, Harrison, New Jersey; Detroit, 


Chicago, Pittsburgh and San Francisco. 


YATT 2 BEARING 
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2 identical jaw flanges—1 floating center block 





One way to make sure your equipment will 
deliver full machine production with a mini- 
mum of “down time” for coupling care is to f ~ 
use a coupling that is simple and easy to 
adjust. 

In American Flexible Couplings, the flexi- 
bility comes from advanced mechanical de- 
sign—not from flexible materials. These couplings em- 
body an improved application of the proven Oldham 
Principle of Power Transmission in an economical and 
rugged unit. The floating metallic center block (3) is 
free to float in any direction between identical jaw 
flanges (1) and (2) compensating for misalignment with- 
out sacrificing precision of movement between machines. 

American Flexible Couplings cost no more to use, and 
upkeep is low. Wear is absorbed by inexpensive, easily 
replaced non-metallic bearing strips on the load bearing 
surfaces of the floating metallic center block (3). For 
complete information write direct to the factory. 


AMERICAN FLEXIBLE COUPLING CO. 
(Trade Name Reg. U. S. Pat. Off.) 


Erie, Pennsylvania 


AMERICAN provide complete 


o E r 
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Fitting the Spring to the Need! 
Besides prompt, accurate handling of your routine 
orders, Peck Service includes intelligent engineering 
help on your design problems when needed. If you 


are having trouble in a product due to a spring or 


screw machine part, let us help you. Meantime, 


SEND FOR CATALOG 


and useful technical article on spring design. Please 
write on your letter head. 


ie cance eadiner care 


The Peck Spring Co., 14 Summit Si., Plainville, Conn. 


UNFAILING 
GRIP 






















| Reg. U.S. Pat. Off. 
The Nut that can't shake loose 


protects your. equipment 


"Unshako" nuts provide three advantages which designers find 
profitable: 


l. The self-energizing locking ring springs to life the instant vibra- 
tion creates an unwinding tendency and positively prevents it. 


2. The self-energizing locking ring adjusts itself to a wide range 
of thread tolerances. This makes the ''Unshako"’ an all-round lock- 
nut. 


3. Neatness of appearance is another cause for enthusiasm. 





Incorporate these advantages on your products—be sure to specify 
"Unshako"'! 


STANDARD PRESSED STEEL CO. 


JENKINTOWN, PENNA. Box 545 
—— Beaacacs ——~ 


BOSTON + DETROIT + INDIANAPOLIS + CHICAGO + ST. LOUIS > SAN FRANCISCE 
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For Actuation of Machine Elements 


Use SUNDSTRAND 


Pumping 





Here’s the PWX Pumping 
Unit for several infinitely ad- 
justable feed ranges, and a 
constant speed rapid return. 


... For Better, Easier Designing 


Unique advantages that provide most effective hydraulic power 

- and flexibility make Sundstrand Pumping Units highly 

ue successful in a wide variety of applications on machine tools 

. or and other equipment. These time-tested Units are extremely 

quienes i gina ct simple, efficient, durable, compact. They facilitate better de- 
ondro 3 signing in all types of automatic or semi-automatic machinery. 
pamat Whether used for such simple movements as clutch or brake 
operations; or for complex automatic cycles that include 


a yumg work-handling . . . for fast or slow, constant or variable 
Q ‘ng, _ feeds and speeds . . . with direct or remote controls, either 
polui faatirng hydraulic or electrical . . . Sundstrand Hydraulic Equipment 
NE sinimot furnishes actuating means that are notably reliable, easy to 
pow install, economical to operate. 
— Sundstrand Pumping Units and Fluid Motors are built in a 
: wide range of sizes and several standard types. Also avail- 
- pockuF able are Sundstrand Valves and Controls for every practical 
LA Sf installation requirement. Investigate. Write for complete 
Positi® i err information, today. 
incu jue” @ The Rota-Roll Pumps used in Sundstrand “se 


Hydraulic Units are patented and manufactured DE 
only by Sundstrand. Ņ NO MACH a, 


2556 Eleventh St., Rockford, Illinois, U. S.A. 
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BS) BY 1 
STANDS UP 


PATENTED 


You have seen them—fighters, who seemed to have 
everything. But often—when the going really gets tough 
—you have watched them fold up, go soft. That’s the 
way with oil seals which become soft and flabby in 
service. Not so with the Garlock KLOZURE Oil Seal! 
Made of an exclusive compound, the sealing ring of the 
Garlock KLOZURE stays firm—stands up even under 
the most severe conditions. 


Typical Application—Vertical 
Spindle on Machine Tool 











THE GARrLOCK PACKING 
COMPANY 


PALMYRA, New YORK 
In Canada: The Garlock Pack- 
ing Company of Canada Ltd., 
Montreal, Que. 








THE SOLID SHIM THAT 





Leading aircraft builders 
now save many hours and 
dollars by peeling precision 
assembly adjustments...utilizing 
Laminum shims! e Throughout 
industry, assembly and service 
adjustments (for life of bearings) 
are made by simply peeling .002 
or .003 inch laminations from 
“solid” brass Laminum shims. 
è We supply Laminum shims 
cut to order. Sheet stock obtain- 
able from mill supply houses. 


Laminated Shim Co., Inc. 


63 Union St., Glenbrook, Conn. 


Write for file - folder of shim applica- 
tion photos—with Laminum sample. 
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What is America’s 
Secret Weapon of Defense? 


x wk kK k*k * 


It isn’t secret at all—this great 
weapon of America that forms 
such an essential and depend- 
able bulwark in the scheme of 
national defense. Most of us 
come in contact with some 
part of it, during every busi- 
ness day. Countless thousands 
of us are part of it. For this 
great ‘‘Secret’’ Weapon of De- 


fense is American Industry! 





The same American Industry 


that showed the way to the 
world in producing the first 
practical machine gun, the first 
submarine, the first airplane. 

The same American Industry 
that in an earlier day estab- 
lished the supremacy of the 
rifled firearm, gave the world 
its first steamship, demon- 


strated the defensive value of 


DSF, with its vastly increased facilities for producing ball and roller bearings 
that are now being used by the Army and Navy and Air Corps, is proud to take 
its place alongside of the thousands of other industrial organizations that form: 
America’s ‘*Secret’’ Weapon of Defense. SCSI Industries, Inc., Philadelphia, Pa. 


December, 1940 


4648 


TY Ft  } ®R 


armored vessels of war. 

The same American Industry 
that is organized today as 
never before in its history... 
that in this era of mechanized 
warfare has become America’s 
first line of defense . . . that is 
“‘secret’’ because no one in all 
the world has ever been able 
to gauge the full extent of its 


productive capacity! 


e o k ee 


ok 


BALL AND ROLLER BEARINGS 
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the practical side of Springmahing BY DUNBAR 


What about those pesky WIRE FORMS ? 


* Watch your loops—Nos. 2 and 3 at left are gener- 
ally less expensive than No. 1. 


x Much care should be used to select proper material 
—round, square or rolled wire. 


* Inspecifications, directionofactionshouldbeshown. 


æ Experience, not formulas, is the best qualification 


for wire form manufacture. 


HERE'S WHAT TO DO: 
If you want real common-sense advice on this very individual and 
specialized subject, send your part here, together with information 
about its use. We'll look it over for improvement or suggestions. 


Dunbar Bros. Co., Bristol, Conn. 


DIVISION OF ASSOCIATED SPRING CORPORATION 


“Quality Springs Since 1845” 









Insure Positive 
Clutch Action 


POSITIVE ACTION — that’s what heavy 
machinery manufacturers expect from the 
Tomkins-Johnson Compressed Air Dis- 
tributor for air operated clutch cylinders, 
illustrated. Its failure on a giant hydraulic 
press might ruin costly dies—upset produc- 
tion schedules—and result in losses running 
into thousands of dollars. 
Tomkins-Johnson engineers realize this 
—do everything possible to make their Com- 


pressed Air Distributors fool proof. Careful 
design and the high-grade basic materials 


of BCA Ball Bearings all play their part. 

The Tomkins-Johnson Company follows 
the lead of important manufacturers in 
many lines when they rely on BCA Ball 
Bearings. The next time you need ball bear- 
ings talk to a BCA sales-engineer. BEARINGS 
COMPANY OF AMERICA, LANCASTER, PENNA. 


RADIAL © THRUST © ANGULAR CONTACT 


BALL BEARINGS 





“Nothing on 
our mind 
but Springs” 













_ BCA 
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HEN you think of hydraulic 
operation do you get a picture 

of a slow moving platen on a ponder- 
ous press? Hele-Shaw Fluid Power wil] 
do that job because it’s a brute for 
pressure. But forget it for a moment. 
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A-E-CO HELE-SHAW 


luid 


Take a look at a heavy, Fluid Power 
operated table on a face grinding ma- 
chine doing a smooth 60 or better 
strokes per minute, or the big ram of a 
bull-dozer, or an airplane catapult 
and you'll see how easily heavy mov- 
ing masses can be controlled with 
Fluid Power. 


But there’s more to Fluid Power (oil 
under pressure for driving machines) 
—mechanical simplicity, dependability, 
freedom from lubrication. There’s in- 
finitely variable control of speeds with 


fine, accurate control. 


You can set-up machines for manual or 


2501 


POWER 





ARAMINGO AVENUE, 





Control 


MOVING MASSES 


easily 


AN ADVANTAGE OF A-E-CO 
HELE-SHAW FLUID POWER 


Triple-action bydraulic manufactured by 
Dominion Engineering Company. Three down- 
stroking rams may be used together or alternately 
to secure a variety oj gonmu — furt. 
adjustable by Hele-Shaw pump control. 


completely automatic control over a 
multiplicity of simultaneous or se- 
quential steps. 


You can put the Hele-Shaw pump any 
convenient place on or off the ma- 
chine... operate it by remote control. 


Yes, you'll find Hele-Shaw Fluid Power 
has many other benefits. Tell us your 


problem and we'll gladly dig out a 
solution from our files or experience. 


AMERICAN ENGINEERING COMPANY 








PHILADELPHIA, PA. 


Other A-E-CO Products: Lo-Hed Hoists, Taylor Stokers, Marine Deck Auxiliaries. 
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Cleaner. AIR / 





AND /onger WEAR 


aa MOI@AIR 


‘ VACUUM or PRESSURE PUJMPS 


NO DRIVES 
NO BELTS 
MEd Note the SPACE-SAVING— 


NO GUARDS 
r and absence of “wearable” parts! 
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Machine Designers find MOTO-AIR a definite contribution toward compact 
construction on machines which require vacuum, pressure or both! Can be 
installed for standard, wall or ceiling mounting . . . Supplied in wide range 
of pressure or vacuum—and gives more volume for any given input! 
Visible, filtered lubrication. No reduction gears! Designed for wear-defying 
usage and lowered cost of operation—Send for Catalog! 


Motoair Division 


NEW JERSEY MACHINE 


CORPORATION 
17th St. & Willow Ave., Hoboken, N.J. 549 W. Washington Blvd., Chicago, IIl. 








BUILD THE PUMP 
Inlo 
YOUR MACHINE 










More and more manufacturers are leaving 
their spring problems to Raymond spring 
craftsmen — for reasons of economy and 
performance. There's nothing like experi- 
ence to get the best results in spring making, 


/ re r 39 
P slrififredd” PUMPS 
Save space and money by build- 
ing lubricating or coolant pumps 
directly into the design of your 
machine. Tuthill introduced “Stripped” pumps for this 
purpose—now supplies thousands to the field. Capacities 
up to 50 g.p.m. in types to meet all requirements. 


WRITE FOR COMPLETE INFORMATION TODAY 


Send your specifications to Raymond 


TAN SPRINGS 


RAYMOND ‘MFG. tO.. CORRY, N 





TUTHILL PUMP COMPANY 


941 EAST 95TH STREET © CHICAGO, ILLINOIS 
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USE “LOGAN” EXPERIENCE 
ON YOUR SHELL HOLDING 
EQUIPMENT ze zk k x 


ANSPOR 
LOS NSPOBT: 


912 PAYSON ROAD, 


* 


Ex over twenty years 


“LOGAN” hasmadeairand 
hydraulic operated holding 
devices for all sizes and 
types of shells or similar 
forgings—but to the best of 
our knowledge this is the 
first time drawings and data 
of this type have been as- 
sembled and made avail- 
able for general use. “LO- 
GAN” Collet Chucks and 
“LOGAN” Expanding Man- 
drels illustrated in this new 
bulletin have been tested in 
actual daily service with ex- 
cellent results. You can’t 
afford to turn down the ad- 
vantages of ‘““LOGAN’S’’ 
experience on Shell Hold- 
ing Equipment. Write today 
for the new “LOGAN” Air 
and Hydraulic Operated 
Shell Holding 
Bulletin. 


* 





LOGANSPORT MACHINE, INCORPORATED 


LOGANSPORT, INDIANA 


Manufacturers of Air and Hydraulic Devices, Chucks, Cylinders, Valves, Presses and Accesssories 
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UNEQUALLED CHECK-UPS 


Some of the scientific 
check-ups in the 16-Point 


Quality-Control routine. 


. « e when Parker-Kalon’s Quality-Control 


eliminate the 





qt 


Laboratory backs your fastening devices 


You get an unequalled protection 
against time-wasting, cost-boosting 
“duds” among your fastening devices 
when you specify Parker-Kalon! For, 
in Parker-Kalon’s plant, an unusual 
Quality-Control Laboratory stands 
guard over all production, to elimi- 
nate the “doubtful few” screws that 
slow-up assembly work and produce 
unsatisfactory fastenings. 

Without counterpart in the indus- 
try, this scientific Laboratory sets 
standards of quality that could never 
be maintained without rigid quality- 


control of every production step 
from chemical analysis of the metal 
to micrometric check-up of finished 
dimensions. It insures that every 
Parker-Kalon Fastening Device is 
more than “good enough” in both 
accuracy and strength. 

Take no chances in your assembly 
jobs . . . buy Hardened Self-tapping 
Screws, Socket Screws or other 
fastening devices that are made in 
the screw industry’s most modern 
plant. Parker-Kalon Corporation, 


196 Varick Street, New York. 


SOLD ONLY THROUGH RECOGNIZED DISTRIBUTORS 


Jual- PARKER-KALON 
Fastening Devices 


f 
/ 
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s . Types, sizes, head-styles for every | 













COSTS No MORE ioe 
this Parker-Kalon Quality-Control 
Guarantee with every box of .... 








Hardened Self-tapping Screws 










assembly of metal or plastics 


Cold-forged Socket Screws 


CapScrews,SetSerews, 
Stripper Bolts madeto 
a new high standard 


w ao 
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on this book 
FREE 


At no additional cost to you, 
we will stamp your name, or 
a friend’s name, in gold on 
the front cover of any copy 
of Colvin and Stanley’s 
American Machinists’ Hand- 
book, 7th edition, ordered 
from this advertisement. This 
is a special Christmas offer, 
limited to acceptance before 


January 1, 1941. 





Colvin and Stanley's 


AMERICAN 
MACHINISTS’ HANDBOOK 


Seventh edition, 1350 pages, 4 x 64, over 2500 illus-| ~ 


trations and tables, $4.00 


UST where can any worker find 

as much and so wide a variety 
of helpful material as is given in 
this well-planned and well-organ- 
ized book? Just think of being 
able to find the answer—the right 
answer—to any question—guickly 
—layouts, feeds, speeds, tools, jigs, 
fixtures, materials, standards, tol- 
erances—any detail of machine 
shop or drafting room practice. In 
one book that will fit into your 
pocket this Handbook fills all prac- 
tical reference needs. The Hand- 
book enables you to go ahead at 
any time, knowing that you are 
right, with the wealth of expert 
evidence in the handbook behind 
you—a service worth many times 
the cost of Handbook in time, trou- 
ble, and wastage saved. 
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helpful sections 


Screw Threads 

Pipe and Pipe Threads 

Drilling 

Reamers and Reaming 

Taps and Tapping 

Files and Work Benches 

Babbitting, Brazing, Soldering 
and Welding 

Gearing 

Turning and Boring 

a Machine Feeds and 


peeds 

Grinding, Honing and Lapping 

Screw Machine Tools, Speeds 

Punch Press Tools 

Broaches and Broaching 

Bolts, Nuts and Screws 

Measuring and Fitting 

Tapers and Dovetails 

Shop and Drawing Room 
Standards 

Wire Gages and Stock Weights 

Horse-power, Belts and Shafting 

Metals and Other Materials 

Machine Forgings 

Knots and Slings 

General Reference Tables 

Automotive Data 

Railroad Shop Data 

Shop Trigonometry 

Dictionary of Shop Terms 


Do you want to make a friend a gift combining personal thoughtfulness 
with real utility? Do you want a copy of this helpful book that you 
will doubly prize? Then take advantage of this free stamping offer. 
Send the coupon today. (Proper remittance should be enclosed with 
order and, of course, stamped copies are not returnable.) 


MONE: 6. ce vces 


December, 1940 


() With name stamped in gold. I enclose $4.00 and understand 
stamped books are not returnable. (Offer expires Jan. 1, 1941.) 


O For 10 days’ examination; without gold stamping. I will send 
$4.00 plus few cents postage in 10 days or return book post- 
paid. (Postage prepaid if cash accompanies order.) 


Print name to be stamped here 


ee i TE, oc cides prakhcdhamer eee. 


Sd oaidins 640d Ce onur's 6eeecRees 
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SPECIAL HOLIDAY OFFER COUPON 
McGraw-Hill Book Co., Inc., 330 W. 42nd St, N. Y. C. 


Send me Colvin and Stanley’s American Machinists’ Handbook, 
7th Edition, according to terms checked: 








AVOIDS “DOUBTFUL” SCREWS 
BY USING QUALITY-CONTROLLED 
PARKER-KALON SOCKET SCREWS 


Great pressure is required in making this electrical 
connection permanently secure. It is no job for 
“doubtful” socket head cap screws. Thats why O.Z. 
Electrical Mfg. Co., Inc. specifies PARKER-KALON 
and says: “The exceptionally high tensile strength more 
than meets our unusual requirements . . . tremendous 
pressure does not damage the socket . . . unvarying uni- 
formity of dimension satisfies our own close tolerances.” 

Every manufacturer who seeks maximum protection 
against the troubles which may be caused by a few 
“doubtful” — imperfect — screws in a lot, is sure to be 
interested in the unique Quality-Control routine under 
which Parker-Kalon Socket Screws are produced. 

WRITE FOR FOLDER AND SAMPLES -read 
about this routine and the amazing Parker-Kalon Lab- 
oratory which makes it possible to maintain a new high 
standard of quality in socket screws. Free samples and 
local distributor’s name will also be furnished. Parker- 
Kalon Corporation, 196 Varick Street, New York, N. Y. 


Luality- Controlled 


16-point test and inspection routine covers: 
Chemical Analysis; Tensile and Torsional 
Strength; Ductility; Shock Resistance under 
Tension and Shear; Hardness; Head diameter, 
height and concentricity; Socket shape, size, 
depth and centricality; Class 3 Fit Threads; 
Clean-starting Threads. 


PARKER-KALON 


COLD-FORGED 





Socket Screws 











ALLEN HOLLOW SCREWS 









Fitted to your 
particular requirements 


— Stock Pumps in a wide variety 
of. types and sizes — Geared — 
Vane — Centrifugal. 


— Special Pumps made to your 
order (often many standard parts 
can be used, as in the dual type 
shown above). 


BS Write for Pump Catalog 
Brown & Sharpe Mfg. Co., Providence, R. I., U.S.A, 


BROWN & SHARPE PUMPS 
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Mawnacemenr's grip tightens on the tools 
of production; engineers bear harder on 
speeds and stresses; machines are racked by 
the reckless strains of emergency operations. 





But ALLENS HOLD. They are “‘steeled” 
to hold, threaded to hold, hardened to hold. 
The technical history of their development 
is three decades of TESTS — duplicating emer- 
gency conditions. 


There may have been times when ALLENS 
were better screws than you needed. But not 
in times when the nation’s strength waits on 
uninterrupted production! 


Above all the technical reasons why 
ALLENS won't fail, we refer you to the 
30-year record and ask your confidence in a 
REPUTATION as the one reason for specifying 


ALT 
< the name. 


Call your local Allen Distributor for accommodating service. 


THE ALLEN MANUFACTURING COMPANY 
HARTFORD, CONN., U.S. A. 





All types .. . all 
sizes . .. all materials 
. . « Made to accu- 
rate standards so that 
each spring has the 
needed properties. 
Our engineering de- 
partment has a repu- 
tation for good work 
—is at your service 
at any time. 





N P: 
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The hundreds of HUNTER 
customers will tell you 
the best way to get the 
right spring for the job is 
the HUNTER Way! 
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The PAY: OFF is 
the PULLING POWER of 
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Since conversation won’t cut 
production costs, you may be 
bored stiff when we tell you how 
Dayton’s famed technical labo- 
ratories spent seven years of 
tireless research developing Day- 
ton V-Belts with Daytex Cord in 
their neutral axis section. 

You may evenstiflea yawnasyou 
hear about the exhaustive laboratory 
tests which prove beyond question that 
Daytex Cord has less stretch, longer 
life and greater strength than the best 
comparable cord not Daytex Processed. 


But unless you are allergic to profits 
you will sit up straight and listen to 
this brass tack fact—the pay-off is the 
pulling power of these new Dayton 
Cog-Belts with Daytex Cord, and that 
means a boost for your bank roll. 

So remember this, field 
applications under all con- 
ditions in all types of in- 
dustries, in all climates 
and places prove that Day- 
ton V-Belts with Daytex 
Cord take and like con- 
stant high speed flexing to 
give you greater power and 
lower cost per day, per 
month or year. 

Remember that Dayton V-Belts are 
outstanding in basic design because 
they are built to bend with patented 
cog construction. They reduce adjust- 
ments to a negligible minimum. They 
work on short centers and save space. 
They save you time, they save your 
machinery and they save you money. 
So why not ask your local Dayton dis- 
tributor for catalogs, data and “The 
Picture Story of Daytex Cord?” 


THE DAYTON RUBBER MFG. CO. 
DAYTON, OHIO 


Dayton 


LS 
WITH DAYTEX CORD 
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FRANKLY, 
WE'RE 
XPLORING 











AND 
If You Use Air or Gas Compressors 
or Dry Vacuum Pumps, This Will 
Fascinate You 


Yeomans’ rotary compressor is moving in on 
other types up to 500 C.F.M., pressures to 
50 lbs.; dry vacuum pumps to 27 in. Its 
advantages are so many, its application is 
so wide, that its use is a matter of election 
on the part of engineers in chemicals, foods 


and power and as integral units on produc- 
tion equipment. 


Think! Can You Use It? 


Small space requirement . . . 
leys, valves or stuffing boxes . . . non-pulsat- 
ing air flow . .. no air storage tank . . . high 
efficiency . . . little need of attention... 


and low cost... do these appeal to you? 


In the interest of your own effectiveness and 
your plant's efficiency—write! 


no belts, pul- 


Get Comprehensive Bulletin! 


YEOMANS 


BROTHERS COMPANY 
1459 No. Dayton St. 





Chicago 











You Too May Have 
HYDRAULIC POWER 
ATLOW COST 


FOR Forcing, Straightening, and 
Bending @ Die Casting ® Plastic 
Molding @ Machine Tool Ap- 
plications © Lifts and Eleva- 
tors @ Mining Machinery @ 
Stokers @ Excavating and Ma- 
terials Handling @ Welding © 
Embossing and Die Sinking @ 
And many other special appli- 
cations. 


+ 
HYDRAULIC POWER 


In Capacities @ 12-20-30 gal. 
per min. Of Variable Pressures 
—up to 1000 Ibs. per sq. in. 













New RACINE Variable Volume 
Hydraulic Pump. 







RACINE Variable Volume Hydraulic Pumps automatically main- 
tain any desired pressure up to 1000 lbs. per sq. in. without by 
passing of oil. Their use means less Horse Power Consumption— 


Minimum of Oil Heating—Least Noise. 
Send for New Free Catalog P-10-A Today. 


RACINE TOOL & MACHINE CO., 1772 State St., Racine, Wis. 








a 
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Delicate responsiveness to the slightest pressure... 


or carrying capacities of thousands of pounds... it’s 
all in the day’s work for B-G-R Springmakers. A 


Scientific Knowledge of materials, manufacture and 
heat-treating gives good results. Economy and satis- 
factory performance follow as a 


S PR l w G § matter of course. 


SMALL STAMPINGS 
WIRE FORMS 


BARNES -GIBSON-RAYMOND 


Let B-G-R analyze your next spring action 


DETROIT, MICHIGAN = TWO PLANTS = ANN ARBOR MICHIGAN 
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Many prominent manufacturers of mechanical equipment have adopted 
no y flexible shafting for power transmission and remote control to simplify 
y design, reduce manufacturing cost and improve product acceptance. These 

k include instruments, power tools, aircraft, production machinery, auto- 
~ mobiles, appliances, accessories, and numerous other items. 


In the change-over from more complicated and less satisfactory forms, 
ra E the engineering staff of the Flexible Shafting Department of Walker- 
kN F 


a Turner Company, Inc. has rendered much helpful service. This Company 
Arin is particularly well qualified to assist in such matters because of the wide 
rey range of experience we have acquired as one of the largest manufacturers 
ret of flexible shaft machines for industry. We are glad to place this knowledge 


at the disposal of all manufacturers interested in considering the possibility 
of applying flexible shafting to their own products. 
For detailed recommendations, write Walker-Turner Company, Inc., 


44120 Berckman Street, Plainfield, New Jersey, 


OTHER WALKER-TURNER PRODUCTS 


FLEXIBLE SHAFT MACHINES -+- BENCH GRINDERS +» DRILL PRESSES +» METAL-CUTTING BAND SAWS 
MOTORS + RADIAL CUT-OFF MACHINES AND OTHER MACHINES FOR WORKING METAL, WOOD AND PLASTICS 


EHR T 


PTET WALKER-TURVER MACHINE TOOLS 


| COMPANY. In FOR METAL, wooonb AND PLASTICS 


PLAINFIELD. N 
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Quicx-As-Wink 
zuho, $ Way Hand Operated Air Valve 





This Q. A.W. valve simplifies and 
facilitates control where two indi- 
vidual air cylinders lead and lag 
each other. It assures more positive 
and accurate control, saves air, and 
effects economies in piping. Parti- 
cularly adapted for operation of 
air- operated clamps, fixtures, and 
similar applications wherever it is 
more convenient to operate with 
one point of control. 












=- nni 
=--- -4j 













@This shows conventional 
hook-up with two double- 
acting cylinders where 
the work stroke of the first 
cylinder (A) advances be- 
fore that of the second cyl- 
inder (B); and the return 
stroke of cylinder (B) is 
completed before the cor- 
responding stroke of the 
first cylinder (A). 













Send for catalog describing 
this and other Q. A. W. air 
and hydraulic control valves. 


C.B.HUNT & SON 


1850 E. PERSHING ST., SALEM, OHIO 















DESIGNING ENGINEERS IN 
EVER-INCREASING NUMBERS 
ARE APPROVING 
ORANGE ROLLER BUSHINGS 


Product improvement and Orange Roller Bearings 
go hand in hand as designing engineers study the 
advanced design and outstanding features offered 
by these new bushings. Trial applications quickly 
lead to acceptance. 
















Ease of application, extreme accuracy of all parts 
and true running, appeal to engineers. Precision 
achieved by the methods employed in grinding and 
by a unique means of assembly is another reason 
why more and more designing engineers investigate 
the possibilities of Orange Roller Bushings—and then 
standardize on them. 


“Orange” engineering service is 
available to help you, too, in achiev- 
ing product improvement through sim- 


plified design and letter bearing 
service and efficiency. 


ROLLER BEARING CO., INC. 
ORANGE, NEW JERSEY 











YOUR FREE COPY OF THE ORANGE ROLLER BUSHING 16- 
Page Data Book is READY. ASK FOR IT! 
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PRESSED STEEL 
STAMPINGS 


FOR THE TRUCKS OF AMERICA 


SM ee an 


TE E EE 


@ The automotive industry is only one of IN 


many industries now looking to Transue for 


N 
design help in producing parts or products in f 
pressed steel. The reason is twofold: our abil- Ji RA N S i $ €; : n 
ity to design unusual stampings to fit unusual Ye if 
requirements—and our facilities, after that, to QT 
produce them economically. WI i i l ay M S i 


The Transue engineering department wel- 
. ALLIANCE - OHIO 
comes new problems in pressed steel... so 
write, wire or phone any of our district offices DESIGNERS AND MAKERS OF 
for a man to talk it over—no obligation. DEEP DRAWN STAMPINGS 


SALES OFFICES 
NEW YORK .- PHILADELPHIA - CHICAGO 
DETROIT - INDIANAPOLIS . CLEVELAND 


Op ee a 





| 










Left: A flexible 
shaft couples 
motor fo oper- 
ating mecha- 
nism in this 
Recording Py- 
rometer. 





Right: A flexible shaft 
couples belt driven 
pulley to tool holder 
in this Valve Grinding 
Machine. 


“COUPLING” „im 


S. S. WHITE FLEXIBLE SHAFTS 
OFFERS MANY ADVANTAGES 


The typical examples illustrated suggest the possibilities of this 
fast growing use of S. S. WHITE Flexible Shafts. Here are the 
advantages of "coupling" with flexible shafts. 


SIMPLICITY — Regardless of the relative locations of the 
parts “coupling” is accomplished with a single, easily applied 
element. 


IMPROVED DESIGN — "Coupling" makes it possible to 
locate parts requiring connection in whatever positions best 
satisfy electrical circuit, easy assembly, space saving and con- 
venient servicing. 


ECONOMY — "Coupling" makes accurate alignment of parts 
unnecessary, thus simplifying assembly and reducing labor 
costs. 


Information about "Coupling" is contained in Flexible Shaft 
Bulletins 1238 and 38. Write for them. 


'"'Coupling'' shafts 
made possible the lo- 
cation of tuning units 
in besł circuit posi- 
tions with controls cen- 
tralized in this Broad- 
cast Transmitter. 





S. S. WHITE 


The S. S. White Dental Mfg. Co. 


INDUSTRIAL DIVISION 


Department D, 10 East 40th St., New York, N. Y. 


FLEXIBLE SHAFTS for POWER DRIVES, REMOTE CONTROL ESTAU 











VIBRATION 
CAN’T LOOSEN 
THESE NUTS 


B- 



































ESILIENT NON-METALLIC LOCKING COLLAR automatically 
eliminates thread play and holds load-carrying thread 
faces in constant pressure-contact @ Write for Catalog. 


ELASTIC STOP NUT CORPORATION 
2328 VAUXHALL ROAD > UNION, NEW JERSEY 


SELF-LOCKING 








. in fuel pumps - in pressure 
regulators and indicators. in flying instruments 
«and even in some of the meteorological instru- 
ments that help direct its safe flight to a “happy 
landing.” 

Where failure is unthinkable . . . equipment 

manufacturers naturally turn to the simplicity, 

ruggedness and all-’round dependability of 

Sylphon Bellows. 

Add to the life and serviceability of your products 
— with the durability of all- 
metal construction replacing 
less dependable materials. 


Consult with Sylphon engi- 
neers. Ask for Bulletin XP-51 |. 


The Fulton Sylphon Co. 


KNOXVILLE, TENNESSEE 
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The Blueprint that told a Lie 


a 














VERYTHING was set to go on the new i> 
models—at least so the blueprint said. But Gi - 
the blueprint told a lie. The first units that came 2 
off the production line were faulty. And the 
trouble was finally located in the resonant vibra- 
tion of the springs. 

In this case things weren’t as bad as they 
might have been. An engineer from the Ameri- 
can Steel & Wire Company was called in, and in 
no time at all the new models were on the market 
operating perfectly, thanks to properly designed 
and well made steel springs. 

If you are designing a new product or bringing 
an old one up to date, we can help you. Our sales 
engineers will be glad to help you work out your 
spring problems and supply U-S-S Steel Springs 


to meet your requirements. 


te 


oma 


ALCA 


AMERICAN STEEL & WIRE COMPANY 


Cleveland, Chicago and New York 





Columbia Steel Company, San Francisco, Pacific Coast Distributors - United States Steel Export Company, New York 
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In An Emergency... 


WHAT’S AT THE OTHER 
END OF THE LINE? 


In an emergency, do you have con- 
fidence in the ability of your source 
of supply to take care of your needs? 


Consider how important it is to 
know what’s at the other end of the 
line! Is there adequate facility of 
plants, machinery, raw material and 
skilled workmen to properly fill your 
orders? Is quality assured, even in 
times when production continues 
through the night? Is service and 
customer satisfaction such an in-built 
habit that it can be depended upon? 


These are merely a few of the points 
worth considering in times when in- 
dustry takes a spurt. They have been 
a part of R B & W operations over a 
period of 95 years—through good times 
and bad, rush periods and slow. For al- 
most a century R B & W bolts, nuts and 
threaded fastenings have been available 
always, under all business conditions— 
in the same outstanding quality, with 
the same outstanding service. 


Designers and engineers considering fas- 
tening problems in the development of new 
products, or changes in old, will find 
R B & W engineering service available 
for advice and recommendations. 





RUSSELL, BURDSALL & WARD 


BOLT AND NUT COMPANY 


PORT CHESTER. N.Y i eer! 


K FALLS, ILL CORAOPOLIS, PA 
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| complete procedure of prod- 


| understood by those without 





Here’s the book you’ve been 
waiting for! 


Modern industrial design 
fundamentals and methods 


This complete, practical man- 
ual plainly covers the scope 
and value of appearance de- 
sign, as a guide for engineers 
in employing it to improve 
their products. Step-by-step 
instructions are given for the 


uct styling, from preliminary 
research to finished dimen- 
sioned drawings, including 
fundamentals of three-dimen- 
sional design in a form easily 


previous art training. 


Just Out! 


INDUSTRIAL DESIGN 


By Harold Van Doren of Van 
Doren Associates. 388 pages, 
fully illustrated ...... $4.50 


Here is what the book gives you: 


—a clear, frank explanation of the scope of industrial 





design as a tool of product improvement and mer- 
chandising ; 


—analysis of the kind of work that goes into industrial 
design, how to establish fees, etc.; + 


—instructions for carrying out design projects; how to 
gather data, how to approach the problem, how to 
make visualizations, clay models, renderings, pre- 
sentation models, etc.; 


—pointers on how to present ideas to the client; 


—what the designer needs to know about design 
patents, color technique, materials and processes of 
manufacture, etc. 


To obtain a copy of this book for free examination in 
your home or office, just mail the On-approval Coupon. 


Y MeGRAW-HILL \W 


(olii APPROVAL COUPON 







: 


. . 
o a 
e cGRAW-HILL BOOK OQNEANT, gro £ 
a 330 West 42d Street, New York a 
a Send me for 10 days’ ia iiS. pie to approval or return, 2 
s Van Doren—Industrial Design. At the end of 10 days I agree to = 
a pay $4.50, plus a few cents for postage and delivery, or return s 
® the book postpaid. (We pay postage on orders accompanied by 2 
§ remittance.) a 
. - 
© Namo ..s.esssssesoesosesososssososoosoesoooosessscossoseosooeo z 
. . 
= TT TT Te eee eP TTC LTT TT SCT OTC PEE T ee Te z 
. . 
. OTN ee PERETTI TOTAL TTT TT TRUER TT TLE Tee > 
Ka . 
6c cue hh ante aaa aoak aaa hae eR Ge . 
s . 

o 
OL eT en eT ee ee F.P.E. 12-40 » 
> (Books sent on approval in U. S. and Canada only.) > 
MSSSSSSSASSSSSSSSSHSS SSS SAS SSSSRSSSSSSSSSSSSSSSSSSSSSSSSS SESS See See eeS See Sees EEeee 
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STEEL CASTINGS 


IF” 








IRON CASTINGS 





like those illustrated—ranging from 2’ 1” to 6’ 3” 
long—with a maximum allowable variation in pitch 
between end teeth of + 1/16” just as cast without 


machining. 


And look at these additional specifications for pre- 
cision! That machine cut pinion you see on the 
middle rack is a test pinion. Each rack had to be 
further inspected by rolling this pinion along the 
rack. The machined shrouds of the pinion had to 
be in perfect rolling contact with the cast surface 


of the rack shrouding at all times. The machine cut 


BIRDSBORO STEEL FOUNDRY 
AND MACHINE COMPANY 
Plants at Birdsboro and Reading, Pa. 


District Sales Offices: NEW YORK - PITTSBURGH 


STEEL, ALLOY STEEL, GRAIN AND CHILLED IRON ROLLS 
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STEEL MILL EQUIPMENT 





pitch tolerance between end teeth 


16... As Cast in Quantity Propuction! 


Yes, that’s right! The order called for 189 racks 


teeth also had to mesh with the cast rack teeth 
without binding or losing contact along the working 
faces of the teeth. Finally, the cast teeth on the rack 
were required to match a three-tooth template to 
insure accuracy of tooth contour. Meeting precision 
standards like these in quantity production of cast- 


ings is a routine job for Birdsboro. 


The moral is: Cut your fabricating costs by specify- 
ing closer casting tolerances—then put the problem 
of meeting those money-saving specifications up to 
Birdsboro’s Randupson Process of Precision Casting. 


We will be glad to check your blueprints for pos- 


sible sources of savings. Write today. 


PO Bi esp ei p la 





HYDRAULIC MACHINERY 


SPECIAL MACHINERY CRUSHING MACHINERY 
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MAGNETIZED 
DRAIN PLUGS 


Join the Army! 


Used by the U. S. 


Government in im- 
portant mechanized 
military equipment, 
Magnetized Drain 
Plugs have joined the 


i > es army to protect 
I NG EN’ JI l Í tailla, in and trucks against destructive wear caused 
by metal particles circulating in gear and bearing lubri- 


cants. Thus, Uncle Sam is added to a list of scores of lead- 
ing manufacturers who now use Magnetized Drain Plugs 
as standard equipment on their products. 


FREE SAMPLES >Ò} 


If you make any product employing gears 
operating in conjunction with bearings, 
or any type hydraulic control — by all 
means test Magnetized Drain Plugs. Free 
Samples will be supplied for testing. 
Write today stating sizes needed. 


LISLE CORPORATION, Box 1004, Clarinda, lowa 


TEE 
BEAD CHAIN* 


l REVOLVING JOINTS 
Is BEAD CHAIN* just a name to you, or do you 


really know it? Do you know how strong it is, For water cooling or heating of 
even in the smaller sizes? Do you know that it DRUMS, ROLLS, DRYERS, and SHAFTS 


can be finished to harmonize with the appearance 
of your product—that it will not kink—that it 
is relatively low in cost? It has been used success- 


fully with many products. Possibly it will lend 
itself to your designs, 


gag g00 R 8° (hd A TN "i ý 
“ QO L 
DEA Ag ip tg bd p Sizes 12 to 2" Inc. 


A truly universal joint for heating 
i and cooling all types of rotating 
Trode Mark Reg. U.S. Pot. Of. rolls. Eliminates packing troubles due to strains in ordi- 


nary stuffing boxes. 


ee 


Our 25 years’ experience is at the service of designérs, 


engineers and manufacturers for the development of prac- SEND FOR CATALOGUE 291 
tical assemblies of BEAD CHAIN* for use with their 


products. 


Barco Manufacturing Co. 
THE BEAD CHAIN MANUFACTURING CO. | 1804 W. Winnemac Avenue, CHICAGO, ILL. 
*Reg.U.S. Pat. Off. 62 MT. GROVE ST., BRIDGEPORT, CONN. In Canada: The Holden Co.. Ltd. 
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HANNA ENGINEERING WORKS Air and Hydraulic Air and Hydraulic 
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1772 ELSTON AVENUE ° CHICAGO, ILLINOIS “iin oe 
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STAINLESS TUBING 


Z 
DOES SERVICE IMPROVE 


WHEN YOU ECONOMIZE WITH 
WELDED STAINLESS TUBING ? 


Frequently the answer is yes. 


Manufacturers of many prod- 
ucts that have been switched over to 
Welded Stainless report definite increase 
in customer satisfaction. They have found 
that inner tubing surfaces will resist heat 
and corrosion fully as well as outside 
surfaces. Gauges are lighter, wall thick- 
nesses more uniform. In some instances, 
to resist unusual types of corrosion, 
Welded Stainless is the only type of Stain- 
less Tubing available. In any event, the 
use of Welded Stainless Tubing involves 
no sacrifices. 


Take the illustrated cooler coil, for in- 
stance. Ten of these coils were made from 
Welded Stainless Tubing at a 23% saving 
(including all fabricating costs). No trou- 
ble was encountered in fabricating and no 
trouble in service. The saving was simply 
an extra bonus. 


We know of no product using stainless 
tubing that cannot be made of Welded 
Stainless Tubing at a 15% to 40% saving. 
Why not take the first step toward getting 
those savings for your own product? With- 
out obligation, we will be glad to quote 
prices on the sizes and gauges you need, 
and send you our new 
Welded Stainless Tubing 
Folder. Simply ask for your 
free copy in your letter. 


THE CARPENTER STEEL COMPANY 
WELDED ALLOY TUBE DIVISION 
KENILWORTH, NEW JERSEY 


henter 
WELDED 

















SPECIALIZING in “SPECIALS” 





HEN NEXT you need fastening devices requiring special 

heads, threads or body shapes — and need them in a hurry 
— put the job up to PROGRESSIVE. Our “specials” department 
is geared to produce made-to-order parts, such as those illus- 
trated, with time-saving speed — and to undeviating high 
standards of uniformity, thread accuracy and great tensile 
strength. Submit samples or specifications for quotations. 

In addition to the cold upset manufacture of special fasten- 
ings, PROGRESSIVE is prepared to supply from stock all the 
standard Machine Screws and Nuts. Rivets and 
X Studs supplied on special order. Catalog gladly 
PROMCO sent on request. Address: 


OUTS Aaa Pe 
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UT TO 
ORDER 







LL STYLES 
NY SIZE 


UP TO 
50” DIA. 


ALSO 
GENEVA 
OTIONS 


END BLUE PRINTS FOR PRICES 


KUX-LOHNER MACHINE CO. 
2143 LEXINGTON ST. CHICAGO, ILL. 


a TAY 








hbo Reena 
“The Drop-Forging Pe 


400 VULCAN ST BUFFALO, N. Y 
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COPPER ALLOY BULLETIN 


REPORTING NEWS AND TECHNICAL DEVELOPMENTS OF COPPER AND COPPER-BASE ALLOYS 





a  ARASE 
Prepared Each Month by the Bridgeport Brass Co. oe 
—_. aama co. 





Range Switch Parts 
Complete More Than 
Six Million Cycles 


Striking proof of the superior spring qual- 
ity of Bridgeport’s phosphor bronze is given 
by the results of life tests on the switch con- 
trol for electric ranges illustrated in the ac- 
companying photograph. All spring parts in 
this switch are fabricated from phosphor 
bronze supplied by Bridgeport. 

The switch was tested for a period of more 
than six months, and 6,408,000 cycles were 
completed without any sign of failure in the 
switch parts. Bridgeport’s up-to-the-minute 
rolling mill facilities 
and careful labora- 
tory control of proc- 
essing are outstand- 
ing factors in estab- 
lishing this excep- 
tional performance 
record for phosphor 
bronze. Fabricators 
of spring parts for 
electrical or mechan- 
ical equipment can 
give their products 
greater life expec- 
tancy and the abil- 
ity to withstand se- 
vere service by util- 
izing the superior 
toughness and resil- 
ience of Bridgeport 
Phosphor Bronze. 





Tuttle and Kift 





Low-Melting Alloy Used 
As Tube-Bending Filler 





Thin-walled tubes of copper or brass can 
be bent successfully and without rippling by 
filling the tubes with Cerrobend, a low-melt- 
ing alloy of bismuth, lead, tin, and cadmium, 
it is claimed. Cerrobend is said to be free from 
many of the disadvantages that have char- 
acterized previously employed filling mate- 
rials. When substances such as resin, pitch, 
or sand are employed, it is said to be difficult 
to remove all traces of the filler from the in- 
side of the tube after the bending operation 
is completed. Cerrobend, however, can be 
successfully removed, it is said, and tests are 
reported to prove that no alloying takes place 
between Cerrobend and the metal of the tube. 

Cerrobend melts at about 160° F., and is 
said to have the unusual property of expand- 
ing instead of contracting as it cools. For 
this reason, it conforms closely to the inte- 
rior of the tube, which can be bent much like 
a solid bar, it is reported. It can, of course, be 
used over and over again, so that costs are low. 
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Copper and Copper Alloys Vital 
In Carrying Out Defense Program 





Unique Combination of Strength, Toughness, Ductility 
And Corrosion Resistance Accounts for Their Wide Use 





Copper and its alloys are playing an essen- 
tial role in the progress of the current defense 
program, particularly in the manufacture of 
ammunition. Strength, toughness, freedom 
from brittleness, and the ability towithstand 
sudden severe shocks which would destroy 
ordinary materials are important factors in 
the use of the copper alloys. They are excep- 
tionally ductile and easy to fabricate rapidly. 
Moreover, they have high resistance to the 
effects of corrosion and weathering, and can 
therefore be stored for long periods of time 
without deterioration. 


Memos on Brass— No. 16 


Common High Brass, having a nomi- 
nal composition of 66% copper and 
34% zinc, is the most widely used 
copper alloy for general fabricating 
purposes. Its popularity is the result 


of the balance it achieves between 
initial cost and ease of fabrication. 
Copper-zine alloys with a higher 
copper content are more expensive; 
those with a lower copper content are 
less ductile, and therefore less suited 
for cold working. 








Mutual-Sunset Lamp Manufacturing Company 


Brass knuckles are being soldered to each end of a 
Bridgeport seamless brass tube to form the extension 
arm of a bridge lamp. For this application, Bridge- 
port furnishes brass of extra strength and rigidity. 


Probably the most important application 
of the copper alloys in defense is the use of 
cartridge brass for ammunition. Cartridge 
brass contains approximately 70% copper 
and 30% zinc. Specifications are very rigid, 
calling for a brass of exceptional purity. In 
particular, cartridge brass must be free from 
any appreciable amount of such impurities 
as iron and lead. In addition, the metal must 
be rolled to accurate gagé and must be free 
from foreign inclusions, gas pockets, and 
surface defects. It must be annealed with a 
uniform grain structure and at a tempera- 
ture which results in maximum ductility. 


Other Copper Alloys 


Another copper alloy, Commercial Bronze, 
containing approximately 90% copper and 
10% zinc, is used for bullet jackets. (In some 
Government specifications, this alloy is re- 
ferred to as Gilding Metal. It is more common 
practice in the brass industry, however, to 
use the term Gilding Metal to describe the 
95-5 alloy.) The 90-10 alloy is also very duc- 
tile and consequently easy to fabricate into 
drawn work. 

For the manufacture of time fuses (such as 
are used for shrapnel shells) brass rod, con- 
taining about 60% copper, 2% lead, and the 
remainder zinc, is commonly used. Time 
fuses are usually made from hot forgings. 
Pure copper is extensively used in the form 
of rings which are fitted into grooves in 
shrapnel shells. These rings or rotating shell 
bands seal off the powder fumes and provide 
a soft metal contact between the shell and 
the rifling of the gun. They are made either 
from sections of copper tubing or by blank- 
ing, cupping, and drawing the copper into 
the required form. The 90-10 alloy is used 
for this purpose also. 


Communication Wire 


Copper alloys also aid in maintaining tele- 
phone communication in the field. Bronze 
communication wire, consisting mainly of 
copper with a small percentage of tin, is 
widely used for this purpose, because it is 
stronger than pure copper wire and will 
stand considerable abuse without breaking. 

While other materials have frequently 
been suggested for copper and ifs alloys in 
many industrial applications where physical 
demands are not especially severe, no ade- 
quate substitute for the copper alloys in ar- 
maments has ever been discovered. The un- 
usual combination of properties possessed by 
the copper alloys is unlikely to be duplicated 
in other materials. 
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ALLOYS OF COPPER 


This is the eighteenth of a series of arti- 
cles on the properties and applications of 
copper alloys, and continues the subject 
of modifications of the copper-zinc alloys. 


ADDITIONS OF TIN TO 
COPPER-ZINC ALLOYS 


One of the elements commonly added to 
the copper-zinc alloys is tin. The principal 
reason for this addition is the improved 
resistance to corrosion, particularly where 
brass is subject to attack by sea water. Years 
ago common Muntz metal was found bene- 
ficial for protecting the bottoms of sailing 
vessels. Muntz metal sheathing was used 
in preference to copper because the gradual 
dezincification of the Muntz metal pre- 
vented the growth of barnacles. The addi- 
tion of tin to Muntz metal decreased the 
rate of corrosive attack, while preventing 
formation of marine growths. 


Admiralty Condenser Tubes 


Ultimately this effect of tin was used ad- 
vantageously in condenser tubing. Exper- 
ience had shown the advantages of the 70-30 
copper-zine alloy over the 60-40, and the 
addition of 1% tin to the former alloy 
brought about an equally satisfactory im- 
provement. The alloy containing 70% cop- 
per, 29% zinc, and 1% tin was originally 
the mixture adopted by the British Admiral- 
ty for condenser tubing, and hence became 
known as Admiralty. This alloy was first 
manufactured in this country by Bridgeport. 

The addition of tin seems to prevent de- 
zincification. This effect was first noted in 
the alpha plus beta Muntz metal and was 
ascribed chiefly to the added resistance of 
the beta crystals. When added to the 70-30 
alloy, tin proved equally helpful to the 
alpha crystals. 


Tin in Other Alloys 


Some attempts have been made to im- 
prove the corrosion resistance of red brass 
by the addition of tin, but since the red 
brass has little inherent tendency toward 
dezincification, any beneficial effect due to 
to the tin is not readily apparent. 

Tin is added to the richer copper-zinc 
alloys because of its effect on the color and 
because of the slightly increased strength 
it gives to the alloy. Such additions are not 
common because very similar effects can 
be produced by a simple increase in the 
zinc content. The presence of tin tends to 
whiten slightly the normal golden color of 
the 85-90% copper alloy, and is useful! in 
the jewelry trade when exact matches of 
color are necessary. 


| Switch Contacts Emit 


Arc-Extinguishing Gas 





A novel means for extinguishing arcs in 
switches and circuit breakers designed to 
open under load, without the use of mechani- 
cal devices, is described in a recent patent. 
The arc is extinguished, it is claimed, by the 
emission of gas from the contacts under the 
heat of the arc. 

The contacts, according to the patent, 
may consist of copper or copper alloys. The 
contacts are made porous by mixing a quan- 
tity of finely divided particles of the copper 
or alloy with an organic binder, such as soap. 
The mixture is compressed into a composite 
mass, and heat is used to volatilize the soap 
and bond the metal. The contact is immersed 
in oil or water, and the liquid fills the voids 
in the sponge-like mass. When the circuit 
is interrupted, the vapor formed by the heat 
of the arc acts quickly to extinguish it, it 
is claimed. 





Pressures Given for 
Cold Squeezing Steps 





Suggested pressures for use in determining 
needed press capacity for typical cold squeez- 
ing operations were listed as follows in a 
recent issue of Modern Industrial Press. 


TONS PER 
OPERATION SQUARE INCH 
Coining bronze 90-100 
Embossing brass 175-215 
Cold forging brass 15-30 
Swaging brass 60-70 
Swaging copper . 70-80 





Bronze, Rubber Used 
In Flexible Bearings 





Flexibility in a new type of bearing is 
obtained by bonding a ring of neoprene or 
rubber between inner and outer rings of 
brass or bronze, it is reported. It is said that 
the bearings can be made in sizes to speci- 
fication, and in lengths up to four feet, which 
can then be cut to length as required. 

Bridgeport will refer readers to the man- 
ufacturer of the bearing. 


NEW DEVELOPMENTS 





Vertical screw-cutting machines, which were 
developed abroad, have been placed on the 
market in this country, it is reported. Outstand- 
ing advantages claimed for the vertical ma- 
chines are reduction in floor space and feeding 
of stock by its own weight. It is said that the 
machines also operate more quietly. (No. 140) 


A comparator-densitometer is described as a 
simple, compact device for measuring the den- 
sity of lines on spectrogram plates. It is said 
that the instrument provides means for pro- 
jecting spectrogram on a viewing screen, and 
for quickly identifying the spectral lines of 70 
elements. (No. 141) 


A scrap cutteris designed for cutting punch 
press scrap to predetermined lengths, can be 
used also for cutting finished products to length, 
according to the maker. It is said that the cutter 
can be set to operate at any given number of 
strokes of the press. (No. 142) 


A tap and reamer aligner is said to be accu- 
rately machined to permit quick, perfect align- 
ment of tap or reamer over drilled hole. (No. 143) 


A stripping compound removes baked enam- 
els, varnishes, lacquers, paints, and synthetic 
finishes from metal, it is claimed. Action, it is 
said, depends on an emulsifying effect that 
floats away the coating, leaving a clean, bright 
metal surface. Compound is reported to contain 
no caustics. It is furnished in concentrated form 
for dilution with water. (No. 144) 


A sulphur-carbon compound is described as 
suitable for checking impressions of forging dies 
and die-casting dies. It is said that the new 
material is very light, does not shrink, shows 
the finest markings of the form or die. It can 
also be used in place of wood patterns, it is 
claimed. (No. 145) 


A polisher's brick is recommended by the 
maker for removing oil or grease from wheels 
before they are reset with abrasive. It is said 
that the brick is suitable for use on wheels em- 
ployed for finish polishing. (No. 146) 


A production marker is said to be designed 
for high-speed identification of round tubular 
or solid metal parts, such as shells, venturi 
tubes, and many other products. It is said that 
the machine is motor-driven, and is automatic 
except for hand feeding of parts to gravity 
chute. Speeds up to 7,000 pieces per hour are 
possible, it is claimed. (No. 147) 


A cut-off machine is said to assist in high- 
speed production of parts of the type made on 
automatic screw machines. The machine, it is 
claimed, can perform the following operations 
or combinations: stock feed to fixed or swing- 
ing stop, form and cut off with two cross slide 
tools, and one or two end operations, such as 
threading or drilling. (No. 148) 


This column lists items manufactured 
or developed by many different sources. 
Further information on any of them may 
be obtained by writing Bridgeport Brass 
Company, which will gladly refer readers 
to the manufacturer or other source. 





PRODUCTS OF THE BRIDGEPORT BRASS COMPANY 


Executive Offices: BRIDGEPORT, CONN.—Branch Offices and Warehouses in Principal Cities 


SHEETS, ROLLS, STRIPS — 
Brass, bronze, copper, Duronze,* 
for stamping, deep drawing, forming 
and spinning. 


CONDENSER, HEAT EX- 
CHANGER, SUGAR TUBES— 
For steam surface condensers, heat ex- 
changers, oil refineries, and process 
industries. 

*Trade-name. 


PHONO-ELECTRIC* ALLOYS— 
High-strength bronze trolley, messen- 
ger wire and cable. 


WELDING ROD — For repairing 
cast iron and steel, fabricat- 
ing silicon bronze tanks. 


LEDRITE* ROD— For 
making automatic screw ma- 
chine products. 


plumbing, heating, 
piping. 


BRASSA 


— 


Established 1865 


BRIDGEPORT BRASS 


COPPER WATER TUBE—For 
underground 


DURONZE ALLOYS — High- 
strength silicon bronzes for cor- 
rosion - resistant connectors, for making parts or complete items. 
marine hardware; hot rolled 
sheets for tanks, boilers, 
heaters, flues, ducts, flashings. 


BRASS, BRONZE, DURONZE 
W IRE — For cap and machine screws, 
wood screws, rivets, bolts, nuts. 


FABRICATING SERVICE DEPT. 
—Engineering staff, special equipment 


BRASS AND COPPER PIPE— 
**Plumrite’’* for plumbing, under 
ground and industrial services. 









e Above is the new Morrison with 
The a, to fasten materials together revolutionary SL-type head which 
is Morrison wire stitching. For many can be furnished with top speed 
products it is better, faster and cheaper of 500 RPM. Below is the 


. Morrison Steel Stitcher which 
than older usual fastening methods. readily drives a wire stitch through 


d n two sheets of 20 gauge steel. 
Morrison stitches, formed from a spool — 


of wire, cost only a fifth as much as rivets, 
and stitching is often three to four times 
faster than either riveting or welding. In 
some cases, wire stitches hold more 
securely than spot welds. 


Hundreds of products are being made 
today with wire stitching an integral part 
of design and manufacture. Do not 
overlook the savings and the product 
improvement Morrison may make pos- 
sible for you. 


Please send samples of your work or 
indicate your fastening problems when 
you write for the facts and figures on 
Morrison Wire Stitching. 


SEYBOLD DIVISION, Harris-Seybold-Potter Co. 


847 Washington Street * Dayton, Ohio 


WIRE STITCHING MACHINES sey 
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Address inquiries:- 


CUSTOM PARTS DIVISION 


WALTHAM WATCH CO., WALTHAM, MASS. 


Tubes, Rods, Wire reduced by rotary swaging t 
your specifications by the pioneer rotary swaginc 
machine builder 

Cuts show variows tubes re 
losed on end by swag 
diameter and med 


1 be handled 


y 
le -forringion (ompany 
aE OTRAS 
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WHY CORPRENE 


“A MORPRENE” is Armstrong’s name for a 

group of more than two dozen cork-and- 
synthetic-rubber compositions—made in sheets, 
cut pieces, and molded forms. They’ve proved to 
have hundreds of profitable uses. Millions of 
Corprene gaskets and packings are now licking 
tough sealing problems in modern industrial 
equipment. Corprene and cork-rubber sheets are 
being used for airplane wingwalks, glazing strips, 
and sound-and-vibration-damping units. Molded 
forms make ideal oil seals, feed rolls, friction 
handles, valve discs. There’s a Corprene composi- 
tion available from Armstrong for almost any 
industrial application which requires a material 
having the desirable characteristics both of cork 
and of various synthetic rubbers. 


GENERAL CHARACTERISTICS OF CORPRENE 


1. Corprene is impervious to liquids and gases 
and resistant to their destructive effects. 

2. Corprene resists the deteriorating influences 
of both sunlight and corona. 

3. Corprene’s sealing efficiency enables it to 
handle many jobs too tough for ordinary materials. 

4. Corprene’s specific properties differ greatly 
according to composition type. For example, 
there are high and low degrees of compressibility 
and lateral flow—and ċoefficients of friction range 
from very low values to one and one half times 
that of natural cork. How such properties can be 
controlled is illustrated on the opposite page. 
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MAKES TOUGH PROBLEMS EASY 


Corprene’s MT Tay Can 
Be Controlled to` 


Meet Your TT ae 






Sheahan Te i 
U HET 
LUTY e 










LOAD, POUNDS PER SQUARE INCH 


Taa 
H 


o 
o 30 3s. 4% 
PER CENT COMPRESSION 





CONTROLLED COMPRESSIBILITY: This chart shows typical compression CONTROLLED LATERAL FLOW: Deflection curves of two typical Cor- 
curves, as they result from formula variations, of several Corprene com- prene nen each of the same Shore hardness—as they compress 
positions. A wide range of compressibilities 1s available—each con- (1) with all sides confined, (2) with vertical sides unconfined—illustrat- - 


trolled within narrow limits. Other properties can be controlled similarly. ang how some Corprenes are truly compressible, others only partially so. 


Typical Corprene Units Which Are Serving American Industry Today 





SEALING TROUBLES VANISH when Corprene gaskets and packings go to NOISE IS NO PROBLEM when you use anti-squeak tape, glazing and 
work. The samples above are scant representation of the thousands of sealing strips, and sound-and-vibration-damping units made of Arm- 
types of Corprene seals in use today. We cut and mold pieces from more strong's Corprene and cork-rubber compositions. Friction is sure with 
ian two dozen Corprene compositions, having widely varied properties. feed rolls, airplane wingwalks, handles, golf grips, and anti-skid pads. 


r- 


CORPRENE 


December, 1940 


me “BLUSH” mar menns... 


BALL BEARING INSURANCE! 


Mj 


Fan is the only oil reservoir that holds oil always 
ready for distribution. The slightest touch brings 


friction which wicks oil to the surface in a bright 


pool. That “blush” is never-failing insurance for ball 


bearings, and is the reason why leading manufacturers 
depend on AMERICAN FeLT Washers, made to their 


precise specifications, to insure lifetime satisfaction to 


users of their ball bearings. In addition to vast 
quantities of washers, which are saturated with oil and 
sealed within bearing assemblies, we supply large 
quantities of wicks. We will deliver cut parts to your 
precise specifications exactly when you want them. 
You can depend on our two sources of supply, ie., 
modern cutting shops at Detroit, Mich., and at Port 
Chester, N. Y., manned and managed by men who 
Please write for 
Data Sheet No. 6, Felt and Lubrication. 


American Felt 
Com y 


TRADE 


know FELT and how to convert it. 


MARK 


General Offices: GLENVILLE, CONN. 


Plants at Glenville, Conn., Newburgh, N. Y., Franklin, Mass., 
City Mills, Mass., Detroit, Mich. 


Sales Offices at New York—Chicago—Philadelphia —Boston— 


Cleveland—Detroit—St. Louis 


PRODUCERS OF FINEST QUALITY PARTS FOR OIL RETAINERS, GREASE 
RETAINERS, WICKS, DUST EXCLUDERS, GASKETS, INSULATING FELTS, 
CHANNEL FELTS, UPHOLSTERY RISER STRIPS, BODY SILENCING 
PARTS, DOOR MECHANISM GASKETS, AND BODY POLISHING WHEELS 


90) 





..» YOU can get what YOU 
want in AlSiMag Custom-built 
Steatite Ceramic Insulation. 


ERS 


AMERICAN LAVA CORPORATION ° CHATTANOOGA 
CHICAGO » CLEVELAND » NEW YORK © ST. LOUIS +» LOS ANGELES 


SAN FRANCISCO + BOSTON + PHILADELPHIA +e WASHINGTON, D. C. 


WHEELS 


with 
OUTSIDE 
VALVE 


Preserve floors, reduce effort, stop noise and prevent jolting with 
this new Doenut wheel with outside valve. Unexcelled for handtrucks, 
wheelbarrows, cylinder trucks, greasing equipment, and other types 
of mobile units. No matter how carelessly tire is allowed to run 
under-inflated, valve cannot be cut or damaged by "creeping". 
Punctures repaired without removing tire from rim. 


Available in three sizes—10”x2.75”; 12”x3.30”; 16”x4.40”. Doenut Wheels 
developed by originator of the airwheel for airplanes. In writing kindly give 
axle size and maximum load per wheel. 


MUSSELMAN PRODUCTS CO. 
6308 ST. CLAIR AVE. CLEVELAND, OHIO 


*Carboloy Cemented Carbide pro- 
vides up to 100 times longer life 
than ordinary metals when subject to 
abrasion and certain forms of corro- 
sion. You simply braze in a piece of 
Carboloy at point of wear, or replace 
with solid Carboloy part. Supplied in 
any shape desired. Often a practical, 
economical solution to problems of 
wear on vital parts of equipment, 


machinery or other products. 


CARBOLOY COMPANY, INC. 
11123 E. 8 Mile Road, Detroit, Mich. 
Chicago— Cleveland —Newark —Pittsburgh—Philadelphia— Worcester, Mass. 


Write for 
Booklet WR-101 
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fi hank You, MR. MANUFACTURER 


1.—for recognizing the unsurpassed 
quality of Shelby Seamless. Tubing. 


Back in the days when tube-making was a relatively new art, 
SHELBy emerged as the leader in the field. Engineers, designers, and 
machinists quickly found that no other tubing offered the same 
uniform, flawless strength or the same easy machining qualities, 
| - length after length, as SHELBY. 


f SHELBY TUBING is made by master craftsmen 
i by the seamless process. Billets of finest quality 
steel are first pierced, then precision-rolled to close 
tolerances inside and out. Thorough inspections 


and tests, all along the line, assure that only tub- T — for making A the most honored 


ing that’s as near perfect as it’s possible to produce 
will receive the name ‘‘SHELBY.” 


and most widely used tubing. 


Í = i From that early beginning, makers of SHELBY have never relaxed 
idea RN f their rigid requirements, have constantly striven to keep the name 


SHELBY a symbol of tube quality. The result: SHELBY is now a stand- 


ard tubing specification everywhere—the most widely used tubing 
in the world. 








3. — for encouraging us to continue 
the search for ways to make Shelby 


even better. 


Makers of SHELBY are pledged to do more than maintain present 
standards of excellence. They promise to extend the chain of pro- 
gress, to search out ways and means of producing tubing that even 
better meets your requirements, to make each year’s production 
better than the last—stronger, more uniform, more accurate, easier 





to machine—always a step ahead. 


RLL | 
Ce — ee a a 














| “Pre-eminent in the world of tubing” | | ‘ 
corregut f | a | 
STOCKED BY “GILT EDGE” DISTRIBUTORS | e 
SHELBY distributors throughout America are specially {| | 
selected to provide a complete source of supply and f| y 
experienced service. You can rely on them on all matters f| 
concerning tubing application. f, 
g 





PITTSBURGH, PA. 


Columbia Steel Company, San Francisco. Pacific Coast Distributors 
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SUCCESS STORY VALUABLE ASSISTANCE 
= THEY LICKED o a FOR DESIGNERS 


‘THE PROBLEM O — A new book “Handbook of Special Steels— 










Their Properties, Uses, Fabricators,” now 






ready for distribution, will be gladly sent on 






request. 


“CERTIFIED BLUE SHEETS” 


Contain complete physicals and instructions 








for treatment on all Allegheny Ludlum Steels. 






A request on your letterhead will bring this 






information without obligation. Our Labora- 






tory and Metallurgical Departments are pre- 






pared to render every possible assistance and 






cooperation. 


AL Allegheny Ludlum Steel Corp. 






OLIVER BLDG., PITTSBURGH, PA. 


Mpa E Coo tM gee mm 





Which Is 
Only One Example 


of the phenomenal savings and stepped-up performance 
that often follow a switch to AMPCO METAL .. . There's 
nothing else like this remarkable bronze in its resistance to 









JESSOP 





wear and "squashing" under impact — its resistance to 
fatigue, stress and corrosion — the extreme hardnesses NON-MAGNETIC STEEL 
available. 





G A Uniform high quality steel possessing: 
LOW MAGNETIC PERMEABILITY 
HIGH ELECTRICAL RESISTANCE 
GOOD MACHINING QUALITIES 








IF YOU HAVE A PROBLEM 


caused by "metal failure" in some part of your product or produc- | 
tion tools—why not give AMPCO METAL a trial? It is noted for | 
making good where other metals fail. Explain your problem to our 
metallurgists. We will offer recommendations and complete data. 


AMPCO METAL, INC., Dept. PE-12, Milwaukee, Wis. 













JESSOP STEEL COMPANY 


General Office and Works 
WASHINGTON, PA. 









Jessop Steels f America 


CARBON- HIGH SPEED- SPECIAL ALLOY 
STAINLESS- and COMPOSITE STEELS 
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LMOST everything but the rubber blades on this fan* 
is made of sleek tan and brown Durite. As the fan 
keeps the windshield clean of moisture and circulates fresh 
air through the interior of the car, the streamlined Durite 
housing withstands the twin strains of heat and electricity 
without faltering. The finish is integral with the article itself, 


will never peel, chip, dent or fade. 


This is another of the many applications of beautiful, strong 


Durite—the only phenol-furfural plastic. 


*Molded by: The General 
Industries Co., Elyria, Ohio 


DURITE PLASTICS 


REG. U. S. PAT. OFF. 


FRANKFORD STATION, P. O., PHILADELPHIA, PA. 










Laboratory Approved 
Production Operations 
Assure Quality Cold 
Rolled Strip Steel.. 






A modern laboratory is dovetailed into 
extensive production facilities at Thomas. 
Careful plans are made to produce steel to 
meet your specifications and performance 
requirements. Careful watch through the 
laboratory carries these plans to a success- 
ful conclusion in the mill—and, in YOUR 


3 Roy, 
surg Sree 


ALWAYS LABORATORY APPROVED 


Bright Finish Uncoated and Electro 
Coated with Nickel, Zinc, Copper, Brass 


THE THOMAS STEEL CO. 


SPECIALIZED PRODUCERS OF COLD ROLLED STRIP STEEL 
WARREN, OHIO 


vite 


ANENE T 






















| Retaining its beautiful, continuous surface lustre 
i through deep draws and severe sterilization, Color- 
| Cote has made paint history. Applied by brush, 
| spray, dip or roller, Color-Cote works easily, covers 
perfectly and dries to a brilliant, modern finish .. . If 
you have a metal coating problem, write to Watson- 


t 


Standard for a “‘tailor-made’’ solution and a sample 


to prove it... This will save you time—and money. 


TOUGH JOB HEADQUARTERS 
Prescription 
Finishes 


f Give us your paint or coating 
problem. We guarantee you an 


answer based on your conditions 
—not just a standardized formula. 





COLOR : COTE 


THE WATSON-STANDARD CO. 


MANUFACTURERS OF PAINTS AND VARNISHES 
INDUSTRIAL FINISHES, LITHOGRAPH COATINGS 


FACTORY AND GENERAL OFFICES: PITTSBURGH, PA 
WAREHOUSES: BOSTON, BUFFALO, DETROIT, NEW YORK 
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) THE : 
TEN-POINT METAL 

OF A THOUSAND 

USES 


A TIN-FREE, HIGH-STRENGTH, COPPER-SILICON ALLOY 
With an Outstanding Record of Dependable Performance 


Here is a metal that represents true economy. Moderate in price, readily adaptable to a vast 
number of industrial needs, Everdur is a decidedly economical metal to use. Because of this, it has 
won an enviable position in practically every field of engineering and manufacture. 


Everdur was developed for engineering uses requiring a metal with a tensile 
strength comparable to that of steel, and the corrosion resistance of copper. 


It is a strong, tough, workable and durable metal and can be cast, machined, 
drawn, rolled, spun, stamped and forged. 


Its high endurance limit makes it exceptionally valuable for many applications 
involving excessive vibration. 


Strong, tough, dense welds can be made readily by the usual welding methods 
—oxy-acetylene torch, carbon or metallic arc, or resistance welding. 


For screw machine and turret lathe production, free-cutting rods in conventional 
shapes are available from stock. 


Tin-free, high-strength castings can be made from Everdur Ingots with regular 
brass and bronze foundry equipment. 


Its non-magnetic property overcomes the handicaps imposed by stray magnetic 
fields in the manufacture of some types of electrical equipment. 


Everdur holds a fifteen-year record of dependable performance on tasks where 
other metals failed in a relatively short period. 


This non-rust, trade-marked, Anaconda Alloy is produced in four standard com- 
positions, and in all standard commercial forms. 


Considering its many desirable properties, Everdur has rightfully been called 
a “Premium Metal at a Moderate Price”. 


Review the partial list of its applications on the following pages, then 
let our Technical Department help you to determine where Everdur can 
do a better, more dependable job—for less money in the long run. 
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All these commercial forms—and more 


make possible economical assembly of 


ALL-EVERDUR engineering structures 


Everdur Metal is produced by The American Brass Company ican: tenis kie hed 
ENP i i 
in the form of Sheets, Strips, Plates, Wire, Rods, Bars, Shafts, ” ean faut Sita SOKIN. E 


Tubes, Shells, Pipe, Hot Pressed Parts, Drawn Shapes, Angles 
and Channels, Casting Ingots and Special Products. It is also h h P h 
Everdur 1010 95.80 3.10 1.10 
Everdur 1015 98.25 1.50 oma 
Everdur 1012 95.60 3.00 1.00 


Everdur 1000* 94.90 4.00 1.10 


...and a Special Service =n 


Service Engineers of The American Brass Company application, and the correct procedure for its 
are prepared to cooperate in the solution of special fabrication. Your inquiries will receive the close 
metal problems. Their practical experience in many attention of trained, experienced production and 
branches of the metal industry frequently enables technical staffs. This service is maintained for your 
them to determine the one best metal for a specific convenience and its use entails no obligation. 


Copper Silicon Manganese Lead 


fabricated into many finished forms which can be obtained 


from leading manufacturers. 


THE AMERICAN BRASS COMPANY 


General Offices: Waterbury, Connecticut ° Subsidiary of Anaconda Copper Mining Company 
MANUFACTURING PLANTS—Ansonia, Conn. © Buffalo, N. Y. © Detroit, Mich. © Kenosha, Wis. © Torrington, Conn. © Waterbury, Conn. 


OFFICES AND AGENCIES—Atlanta, Ga. * Boston, Mass. * Buffalo, N. Y. © Chicago, Ill. ° Cincinnati, Ohio * Cleveland, Ohio * Denver, Colo. 

Detroit, Mich. * Houston, Texas * Kenosha, Wis. * Los Angeles, Calif. * Milwaukee, Wis. * Minneapolis, Minn. * Newark, N. J. ° New York, N. Y. 

Philadelphia, Pa. © Pittsburgh, Pa. © Providence, R. |. * Rochester, N. Y. © St. Louis, Mo. * San Francisco, Calif. * Seattle, Wash. * Syracuse, N. Y. 
Washington, D.C. * Waterbury, Conn. 


WAREHOUSES: Chicago, Ill. © Cleveland, Ohio * Milwaukee, Wis. °* Philadelphia, Pa. * Providence, R. I. 


IN CANADA: Anaconda American Brass Limited. Manufacturing Plant and General Office, New Toronto, Ontario 
Montreal Office: 939 Dominion Square Building DM 4029 





Where PRECISION OPERATION is Vital! 


@ In this U.S. Army B-24, four-engined land bomber 
... as in every unit of our national defense... the most 
exacting standards must be met to insure precision 
operation and completely dependable performance. 
Typical of the care exercised in the selection of all 
materials is the choice of INSUROK for the bearing 
guide illustrated. Here INSUROK, the precision plas- 
tic, is used to guide a link in the rudder tab control. 


INSUROK possesses many physical and dielectric 
qualities that make it the ideal plastic for use where 
difficult conditions are met. It is non-hygroscopic. 
It resists the corrosive action of most chemicals, acids, 


poo sain 


RICHARDSON PRECISION PLASTICS 


Ss a 
# 4,8 


hassel 


solvents, reagents, oils and other liquids; it is light in 
weight, yet strong, tough and durable. INSUROK 
bearings require no grease or oil lubrication; INSU- 
ROK gears are silent in operation and long-wearing, 


INSUROK is available in sheets, rods and tubes; in 
grades and thicknesses to meet the requirements of 
the airplane industry. It can be fabricated without 
special tools in your own shop, or supplied by Rich- 
ardson in finished parts and products, ready for 
assembly. 


Information and technical data on request. 


E RICHARDSON COMPAN p 


Producers of INSUROK, Molded or Laminated Plastic: EBROK Battery Containers: RUB-TEX Molded Hard Rubber: RUB-EROK Hard Rubber Insulation: MICAROK Sheet Mica. 
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' | CUSTOM MOLDED 


A 


Erie Injection 
Molded Refriger- 
ator Cold Control 


PLASTICS 


The efficiency and economy of 
any molded article is deter- 
mined to a large extent in the 
drawing board stage. For this 
reason Erie has an engineering 
department that KNOWS plas- 
tic molding from every angle. 
Very often they can suggest 
minor design changes that re- 
sult in lower molding costs 
without sacrificing functional 
efficiency. 


Erie also maintains a design 


staff that presents an unusual | 
combination of practical mold- | 
ing experience with artistic | 


ability. 


The services of this design and engineering depart- 
ment are available for consultation with product 
engineers without obligation. If you are contemplat- 
ing a new plàstic article or changing over an exist- 
ing product to molded plastics from another mate- 
rial, these men can be of valuable assistance to you. 


OPLastics Division. 


See ee ee eee, 


CORPORATION, ERIE, PA 
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BECAUSE IT MEANS 
DIVIDENDS TO THE 
AIR LINES! 


Quiet comfort and relaxation 
for the passengers is assured 
by the use of Felters Kapok 
Unisorb in this Lockheed 
“LODESTAR.”’ 

Like Lockheed, most promi- 
nent airplane manufacturers 
use Kapok 
Unisorb—the 
lightest and 
most effici- 
ent sound ab- 
sorber. 






























Look For This Label 





THE FELTERS COMPANY, Inc. 


210 SOUTH STREET Dept. F-12 BOSTON, MASS. 


OFFICES: New York, Philadelphia, Chicago, Detroit 


SALES REPRESENTATIVES: Dallas, Los Angeles, Nashville, St. Louis, St. Paul 
MILLS: Johnson City, New York * Millbury, Massachusetts © Jackson, Michigan 


FELTERS FELT FUNCTIONS 


NERC CEC I ELON ETT OD CRN 8 Rt RINNE ASIN NASER ESS 
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GENERAL ELECTRIC 
CHOOSES 


CRYSTALITE 


FORA V4 JOB 


For the largest thermoplas- 
tic molding ever produced, General Electric chose 
CRYSTALITE acrylic molding powder for three major 
reasons: 

Crystalite’s Excellent Molding Properties. Twenty- 
six ounces of CRYSTALITE flowed to every part of the 
molding and welded perfectly. An efficient cycle 
resulted in savings which General Electric was able 
to pass on to its customer. 

Crystalite’s Colorless Transparency made possible 
crystal-clear or delicately tinted moldings matching 
the brilliance and sparkle of jewels, adding sales 
appeal to the whole assembly. 

Crystalite’s Permanence. CRYSTALITE could be 
molded to exact specifications and the moldings would 


Crystatite and Piexicias are the trade-marks, Reg. U. S. Pat. Off., for the acrylic resin thermoplastics manufactured by the 


Rohm & Haas Company. 





ROHM & HAAS COMPANY, INC. 


222 WEST WASHINGTON SQUARE, PHILADELPHIA, PA. 
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Twenty-six ounces in weight, 13 inches in diameter, this Crys- 
TALITE hair-dryer shield is the largest thermoplastic molding 
ever produced. Compression molded by General Electric for 
Eugene, Ltd., it is designed to speed hair drying as well as te 
add to the customer’s comfort. 





retain their dimensions permanently. They would not 
warp or shrink even on exposure to weathering. 

Wherever you require strength, clarity and perma- 
nence in your moldings, specify CRYSTALITE compres- 
sion or injection molding powders. Experienced 
CRYSTALITE representatives will be glad to assist you 
in the design and production of these moldings. 


PLEXIGLAS sheets and rods can 


be fabricated into forms similar in appearance 


and properties to CRYSTALITE moldings simply 
by sawing and machining with wood-working 
tools or by heating and bending into shape. 
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Surveying and recording the earth’s formation 
while actually drilling an oil well is now pos- 
sible through the use of DILECTO—a laminated 
plastic. For a progressive petroleum engineer 
Continental-Diamond produced a threaded 10 ft. 
collar of laminated, canvas base DILECTO % in. 
thick which withstood 1,300,000 pounds pres- 
sure plus the terrific torque and abrasion of 
rotary drilling ... While you may never call 
upon insulation for such performance as this, 
we want you to know that the same Continental- 
Diamond Engineers who developed it are ready 
to tackle your insulation problem. 


(4 | DIAMOND FIBRE CO. 











There's more to an estimate 
for molded plastic parts than 
is written on the estimate sheet. Those 
factors frequently determine how satis- 
fied you are with the finished job. 


When you send your plans or specifications 
to Auburn you get: (1) Ability to handle your problem that is the out- 
growth of more than 60 years’ pioneering molding experience. (2) 
Economy. Auburn’s experience has shown the way to many cost-cut- 
ting short cuts that do not impair quality. (3) On-time delivery. (4) 
Dependable quality. Auburn’s rigid standards insure the quality and 
accuracy of the finished product. 


You take no chances when you turn your plastic molding jobs— 
routine or unusual—over to Auburn. 


Established 1876 


MOLDED PLASTICS DIVISION OF 


AUBURN BUTTON WORKS, Inc. 


AUBURN, N. Y.—New York, Chicago, Detroit, Cleveland, Syracuse, Boston 
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CERROBEND 
CERROBASE (Melting Temp., 
CERROMATRIX (Melting Temp. 158°F) Used as a 


(Melting Temp., 
250°F) For secur- 
ing punch and die 
parts, anchoring ma- 
chine parts without 
the expense of a 
drive fit, engraving 
machine models, 
stripper plates, 
chucks, etc. 


255°F) for repro- 
ducing master pat- 
terns, models for 
electroforming, en- 
graving machine 
models, proof cast- 
ing for forging dies, 
etc. Perfect repro- 
duction of intricate 
detail. 


Send for literature 


filler in bending 
thin-walled tubes to 
small radii easily re- 
moved in boiling 
water. Also used 
for templates in 
forming dies and 
for other purposes. 


CERRO DE PASCO COPPER CORPORATION 


40 Wall Street 


New York, N. Y. 


British Associates: Mining & Chemical Products Ltd., London 


DISTRIBUTORS 


BROOKLYN—Belmont Smelting & Ref. Co., 330 Belmont Ave. 
PHILA.—Machine & Tool Designing Co., 1011 Chestnut St. 
CLEVELAND—Die Supply Co., 1390 East 30th St. 
DETROIT—Curtis Industrial Designing Engineers, 227 Iron St. 
CHICAGO—Sterling Products Co., Inc., 121 North Jefferson St. 
MILWAUKEE—Harry C. Kettelson, 329 N. Milwaukee St. 

SAN FRANCISCO—Jamison Steel Corp., 508 Fourth St. 

LOS ANGELES—Jamison Steel Corp., 2168 East Olympic Blvd. 
MONTREAL, CANADA—Dominion Merchants Ltd., 180 Vallee St. 
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Stop Searching - - - 


Start 


Durez! That’s the name to think of 
when you're faced with a problem 
of designing a new product, or im- 
proving an old one. For these 100% 
phenolics can furnish the answer to 
almost any problem where plastics 
can be employed! 

The versatility of Durez plastics 
has been demonstrated by hundreds 
of manufacturers in thousands of 
different ways over a long period 
of years. Products of nearly endless 
variety have been given new beauty, 








New combination table lamp and radio is a current example of 
ingenious design executed in Durez. Here is eye-pleasing style 
combined with high utility and durability. 


molding with DUREZ! 


greater strength, lighter weight, in- 
creased durability and many other 
advantages—thanks to these mod- 
ern molding compounds. 

Among the hundreds of Durez 
molding compounds there is one or 
more to meet your need. In addi- 
tion, Durez brings you a wide range 
of special compounds and resins for 
bonding, coating, impregnating, 
laminating and insulating. For de- 
tailed information and helpful sug- 
gestions write— 


DUREZ PLASTICS & CHEMICALS, INC. 
632 Walck Road North Tonawanda, N.Y. 


HOW DUREZ 
PLASTICS have 
helped many man- 
ufacturers make 
better products is 
told in a new 
booklet, “It’s a «we | 
New Business Cus- | 
tom.” Its good 
reading —and you 
may find it valua- 
ble reading. 


‘ The housing of this radio-table lamp is 


an interesting two-piece molding of lus- 
trous Durez plastics. 





The New Sonora “Gems” reveal the new 
trend in miniature radio cabinet moldings... 
two-tone effects in a wide variety of color 
contrasts in Durez. These same molds are 
used to secure these interesting combinations. 





Boat owners can now equip their boats with bilge pumps whose 
life and efficiency are increased greatly by molded Durez housing 


which defy salt water corrosion. 


DUREZ PLASTICS & CHEMICALS, INC. 


PLASTICS THAT FIT THE JOB 
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OF NATIONAL DEFENSE IS 
LESSENED BY BLUEPRINTS 


I RS Se a ee, ee > COMPANY 


2684 West Irving Park Road ° 


Chicago, Illinois 
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TRACING CLOTH 
MUST HOLD AND PROTECT 
THE BEST IDEAS OF 
HIGHLY TRAINED MEN 
% 

OUR- TRACING CLOTHS 
AID MADE TO BE 
WORTHY OF THIS 
IMPORTANT TRUSTE 


INSURANCE 


For Your Quality Drawings 


Many an important drawing has been ruined 
by “novelty” tracing cloths with an imitation 
finish. Don’t take unnecessary chances — 
specify Arkwright Tracing Cloths. You’ll be 
sure of a tracing cloth that’s clean, transpar- 
ent, free from pinholes, thin yet strong — with 
a surface the way you like it. More important: 
Arkwright Tracing Cloths stay this way for 
years. To insure your quality drawings, 
insist on Arkwright Tracing Cloths, made by 
America’s oldest tracing cloth manufacturer! 
Arkwright Finishing Co., Providence, R. I. 





The RIGHT material for your purpose... 


What is it? 
What are its properties and uses? 


How does it compare with similar materials? 


This book tells you—saving endless time eliminating error 
in the investigation and choice of materials for manufacturing, 


construction, engineering, and chemical processing. Years of 
work have gone into selecting only the most pertinent facts 
about more than 5000 materials, and presenting them in com- 
pact form for the convenience of all who use or purchase 


materials. 


Just Out! New 4th Edition 


MATERIALS HANDBOOK 


By George S. Brady, 
formerly Technical Adviser 
to the U. S. Coordinator 
for Industrial Purchasing. 


591 pages, 6x9, $5.00. 


Where do you go for 
information on... ? 


abrasives heat-resistant 


disinfectants alloys 
bearing metals sound insulators 


etching items upholstery leather 
fusible metals water softeners 


to mention but a 
few. 


y Brady’s MATERIALS HANDBOOK you will find just the 
facts you want—about these or other materials of your busi- 


ness—common or unusual—to enable you to face the task of esti- 
mating, specifying, and purchasing, more easily, more intelli- 
gently, more economically. More than 5000 materials are covered 
—metals, woods, industrial fabrics, chemicals used in industry, 


useful minerals, ceramics, paints, resins, etc. Each material is 


| covered with regard to relative quality, composition, strength, 


weight,—whatever facts are necessary to give a quick, practical, 
and authoritative picture of the place of the material in indus- 


| try. A desk tool of constant usefulness to all who deal with, 


specify, or purchase materials. 


SEE IT 10 DAYS—SEND THE COUPON 


/, McGRAW-HILL 
ON-APPROVAL COUPON 


McGRAW-HILL BOOK COMPANY, INC. 

330 West 42d Street, New York, N. Y. 

Send me for 10 days’ examination, subject to approval or return, 
Brady’s Materials Handbook. At the end of 10 days I agree to 
pay $5.00, plus a ‘ew cents for postage and delivery, or return 
the book postpaid. (We pay postage on orders accompanied by 
remittance.) 


City and State 
Position 


Company j 
(Books sent on approval in U. S. and Canada only.) 
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In a typhoon of super-heated steam graphite 
smashes, batters, tears against graphite— 
demolished into finer and finer particles until 
the right size is reached. This is Typhonite. 

So cunning is this process that the whirling 
graphite does not touch sides, top or bottom of 
the chamber in which demolition takes place. 
And out of this typhoon chamber Typhonite 
passes in a vortex into airtight conveyors. 

From this pure, matchless Typhonite, are 
made leads for Dixon’s Typhonite Eldorado 
pencils. Even, dustless, opaque lines that tell 
in direct blueprinting are the work of Dixon’s 
Typhonite Eldorado. Use Typhonite Eldorado. 
Test them from drawing to blueprint. On such 
a test we rest our case. 


Order Dixon’s Typhonite 
Eldorado pencils from 
your regular source of 


supply. 


PENCIL SALES DEPARTMENT 20-J12 


JOSEPH DIXON CRUCIBLE CO. 
JERSEY CITY, N. J. 
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CAN BOTH BE IMPORTANT “WEAPONS” 
FOR AMERICA’S DEFENSE? 


b pre the handsome, streamlined case in 
the picture houses a new and different mecha- 
nism for speeding the reproduction of plans. It’s the 
new Bruning No. 159 VOLUMATIC Developer, 
attached to the Bruning Mercury “75” Printer. 

Here, in desk room space, is a machine which re- 
produces plans faster, and with less human effort, 
than ever before. With this unit, ONE MAN performs 
the entire printing and developing operations— 
whereas a blue print machine requires two or three. 

Automatic in action, the unit exposes the sensitized 
paper, returns the tracing to the operator, develops 
the print and delivers it, flat and dry, within a matter 
of seconds. 

The No. 159 Volumatic Developer makes possible 
the big-volume production of prints cut to the exact 
size of your tracings, thus saving waste and trimming 
—an advantage not found in any continuous blue 
print machine. Attached to the Bruning Mercury “75” 
Printer, the developer effects substantial savings in 
current costs. The first cost of both printer and de- 
veloper is low, compared with that of an ordinary 
continuous blue print machine. 

And remember, this unit makes BLACK AND WHITE 
Prints—far easier to read and to check than blue prints! 

Complete information about the Bruning No. 159 
Volumatic BW Developer—and about other Bruning 
Printers and Developers—is yours for the asking. Mail 
the coupon! 


BRUNIN G Sce 1897 


SPEEDS—SIMPLIFIES—AND PROTECTS A NATION'S DRAFTING 


New York * Chicago * Los Angeles * Boston * Detroit 
Houston * Kansas City * Milwaukee * Newark ° St. Louis 
Pittsburgh * San Francisco * Seattle 










CHARLES BRUNING CO., Inc. 1073-196-A 
New York: 100 Reade St. Chicago: 445 Plymouth Ct. 
Los Angeles: 919 So. Maple Avenue 

Please send me your free booklet and complete infor- 
mation on the No. 159 Volumatic Developer. 
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MGRAW-HILL 


DIRECT MAIL 


As business paper publishers for 
over fifty years, McGraw-Hill is 
uniquely equipped to offer complete, 
authoritative direct mail coverage o! 
Industry's major markets. Extreme accuracy 1s maintained 
(guaranteed to 98°) and through careful analysis of 
markets, complete classification of companies and person- 
nel, etc., the widest possibie selections are available. Send 
for handy reference folder “Hundreds of Thousands of 
Reasons Why” which describes how McGraw-Hill Lists 
are built and maintained. 


e What Fields Do You Want To Reach © 


OOOOOOOOOOODONAADOODOOOODOODIRE 







Lee 


AOOOOAOOOOOOOODOOOODOOOOOODOODOOOOOOOODDODOOOOOOOOODOOODOOOOON, 
NM 


Aviation 
Bus & Electric Railways 
Civil Engineering and Construction 
Coal Mining 
Electrical Construction 
Electrical Industry 
Food Industries 
Metal Mining 
Metal Working Industries 
Process Industries 
Textile Industries 
Administrative Executives 
Electrica) Dealers & Wholesalers 
Mill Supply Houses 
Power Services 
Product Engineering & Design 
Production and Maintenance 
Radio Dealers & Wholesalers 
Radio Engineering & Desiqn 


For further details, selections from above basic 
classifications, counts, prices, etc., or estimates on 


special lists . . . ask any representative or 
write to 


Fics MAIL DIVISIOM.... 
—~ -4@ McGRAW-HILL PUBLISHING CO. 
— 


E 








G 
( 330 W., 42nd STRIIT Miwiyormr, mw. Y 


Complete lists covering industry's major markets 
AOOAOOAAOONOOONOODODODAODODDODODODOOODOODODOUDODODAOPOODOOOODOODDOODOOOODODODDODDODDODODOODODOODOODOODODOOODOODUOODODADOOAODOODOOOOODDOOUDOOODODDOOOODOODDODOMM MMI TE 


E.L 


FOR LESS THAN lc PER SQUARE FOOT 


PC 
OOODOOOODOOODOCOOOOOOOOODONOOOOODOODOOOODODOOOOODOOAOODOODOOOOODODOOODOODOODONOODOOODOODOOOODDONOODOOOOTAOONOOOOOOODCOOOOUOOODINAORONIZAN0N: 












COST, SAVES TIME — 
NO EXPERIENCE NECESŚARY! -+ ACT NOW! 


Don't give your money to outside firms for blueprints. With a 
Simplex Mercury Vapor-Tube Portable Blueprinter you can 
now-:make blueprints up to 42” wide (any length) in your own 
offices at a fractiọn of regular commercial prices. Makes 250 
square feet per hour. Can be used for any of the ‘Special 
Developing Processes. Requires no carbons or globes. Beautiful 
black crackle “Weaver” finish. Operates 
silently. Your office girl can easily operate 
a Simplex. 


FREE TRIAL! Don't take our word for the 
money-saving advantages of a Simplex! 
For a limited time only we will ship a 
regulation, complete Simplex Blueprinter 
on 30 days’ free trial. Satisfaction guar- 
anteed or money refunded. Write today. 
for complete facts about this amazing, 
money-saving offer. 


WICKES BROTHERS e SAGINAW, MICH. 
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EMPLOYMENT e 


UNDISPLAYED RATE: 


410 cents a word, minimum charge $2.00. 
(See T on Bos Numbers) 

Postions Wanted (full or part-time salaried 

employment only), one-half the above rates. 


Proposals, 50 cents a line an insertion. 


BUSINESS e 


SEARCHLIGHT SECTION 


OPPORTUNITIES - 


INFORMATION: 


Boz Numbers in care of our New York, 
Chicago or San Francisco offices count 10 
words additional in undisplayed ads. 


Discount of 10% if full payment is made in 
advance for four consecutive insertions of 
undisplayed ads (not including proposals). 


EQUIPMENT—USED or RESALE 


DISPLAYED—RATE PER INCH: 


The advertising rate is $6.00 per inch for all 
advertising appearing on other than a con- 
tract basis. Contract rates quoted on request. 


An Advertising inch is measured % inch ver- 
tically on one column, 3 columns—30 inches 
—to a page. P.E. 


NEW ADVERTISEMENTS received by 10 A. M. December 19th will appear in the January issue, subject to limitations of space available 








PROFESSIONAL 
SERVICES 


Norman E. Miller & Associates 
Hydraulic Engineers to Industry 


Research - Development - Application 


877 Lakepointe . Detroit 











Allied Process Engineers 
“A Technical Service for Industry” 
Product Development, Methods 


Engineering, Tool and Machine Design 


305 Market St. Newark, N. J. 









Usually it pays large dividends to call in 
a consultant with his valuable outside 
viewpoint, backed by his knowledge and 
broad experience, to check with you be- 
fore making final decisions. 


IT USUALLY PAYS DIVIDENDS 





(POSITION VACANT) 


PRODUCT ENGINEER 


for research and development work. 
Must have manufacturing background 
and experience in designing for produc- 
tion. Man we want has been out of school 
5 to 15 years and is now in engineering 
position. Technical graduate preferred, 
but man thoroughly familiar with prod- 
uct design and manufacturing will re- 
ceive equal consideration. Permanent. 
Excellent opportunity with well-estab- 
lished company located in Western Penn- 
sylvania. Give complete information in 
first letter, including photo, if available. 







P-201, Product Engineering 
330 W. 42nd St., New York City 


POSITIONS WANTED 





AVAILABLE, CHEMIST (ANALYTICAL) 

trained and experienced in research and 
metallurgical lines. University graduate B.S. 
Degree. Modest salary. Address DITZLER, 
c/o 300 B-St., S.E., Washington, D. C. 





DESIGNING-DEVELOPMENT ENGINEER— 

Versatile in creative design, with special 
ability for machine design and development of 
precision mechanisms. Thorough knowledge of 
engineering fundamentals, and capable of re- 
sponsible supervision. Experienced in work- 
ing out practical solutions to product-devel- 
opment problems. Twenty years successful 
mechanical engineering record with nation- 
ally reputable concerns. Now employed in 
responsible engineering capacity. Age 38. 
Married. PW-202, Product Engineering, 520 
N. Michigan Ave., Chicago, Ill. 


p 


Used BLUEPRINTING | 
and PHOTOSTAT Equipment | 
Selling and Buying Service 


LIST YOUR USED EQUIPMENT WITH US 
Li 


Inc. 
110 West 42nd Street, New York, N.Y 





POSITIONS WANTED 


INGENUITY-DESIGN ENGINEER, with 20 

years design and development in heavy ma- 
chinery, rock crushers, roofing machinery and 
saw mills. Now employed. Wish change with 
growing concern. Age 44, married. Middle 
West preferred. PW-203, Product Engineering, 
520 N. Michigan Ave., Chicago, Ill. 








MECHANICAL ENGINEER specialist in de- 

sign and development of motion picture 
laboratory equipment. Can assume full re- 
sponsibility for design and installation of 
complete motion picture laboratory, training 
of operators, and operation. Now employed 
as laboratory superintendent. Location imma- 
terial. Work in allied industries considered. 
PW-204, Product Engineering, 330 W. 42nd 
St., New York, N. Y. 


INSTRUCTION 


BETTER PRODUCT DESIGNING taught in 

your spare time at home. Write for full de- 
tails. Trofimov School of Inventive Practice, 
Inc., Hanna Road, Willoughby, Ohio. 


REPRESENTATIVE AVAILABLE 


For best informed sales representative in 
Government contract work, write Riddell, 
300 B-st., S.E., Washington, D.C. 




















Mr. Reader: 
Can You Shout Loud Enough To Be 


Heard From Maine To California? 





BADOAAAADOLOOBOOOAOOADOOADOOAAOAAAOADOOOAOOBAOAAOAOOOOOOOBAOODOOLOOOOAOODOADOOOOAOOAOODAOAOAOALOOADOBOOADOOOOAOOODOADOAOOOOOOOOOOOOOOOOOAOOOOAS 





Sure, it’s a silly question—’cause everybody knows 
We used it 


merely to give point and emphasis to the fact that 


you can’t—that is, without other aid. 


this page can carry a message for you not only that 
far, but farther. Through an advertisement on this 
page you can contact men from Maine to California, 
and all points in 


from Florida to Washington, 


between. 


Your advertisement on this page will go before that 
special group of men who — like yourself — have a 
business interest in the creation, design and develop- 
ment of machinery and engineered metal products. 
There are over 10,800 subscribers who read Product 
Engineering for news of everything pertinent to their 


profession. 


December, 1940 





You can whisper or shout your message—in type—to 
these other readers. Small Want-type ads cost only 
a dime a word or you can “shout” your message in 
prominent type—in individual space — at the rates 
quoted in the heading. 


It has been Product Engineering’s privilege to serve 
hundreds of advertisers through its Searchlight Sec- 
tion. By far the greater part of these advertisers 
have been readers of Product Engineering who recog- 
nized that other readers likely to be 
interested in or to respond to their offerings or wants. 
If you have Employment, Equipment or Business 
Opportunities to offer for the attention of other 
readers of Product Engineering your advertisement 
on this page will come to their attention wherever 


were most 


they may be located. 


BOAADAAAAAAOADODDOAODOOOADOOOOOADODOAOAADADOAOADODOONAODODAAAOOAOOAOODOAOAALADAAADODOOAOAOADAABOOOOOAOOOLOOOOAOOOA: 
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eT multi-purpose 


bearin y 


@ The New Departure Double Row bearing is an expert at doing several 
jobs well—at the same time. 

It resists radial and thrust loads in any combination, with thrust in 
either direction or reversing .. . provides extremely rigid support under 
pure radial loads. 

It resists misalignment so positively, that in many cases it may be used 
alone, without need for a second or supporting bearing. 

It is a compact, internally preloaded unit, applicable in numerous 
instances without need for shaft threads or locknuts. 

Here is a truly versatile bearing. Use it to simplify your design. Let 
it help to save you money and build a better product. Som 


NEW DEPARTURE 


THE FORGED STEEL BEARING 


NEW DEPARTURE - DIVISION OF GENERAL MOTORS - BRISTOL, CONNECTICUT - DETROIT - CHICAGO 


December, 1940 





TWO JOBS — ONE BEARING 


Big advantages in economy of 
manufacture and machine per- 
formance result from the use of 
the Angular Contact Double Row 
ball bearing which was originated 
by New Departure to resist both 
radial and thrust loads. 


Today automobiles, trucks, trac- 
tors and machinery of many kinds 
depend upon bearings developed 
by New Departure from this orig- 
inal dual purpose “new depar- 
ture.” 


























TAKES OFF SIX ROUNDS 
FROM PORTABLE SANDER ya 


The Porter-Cable Machine Company of Syracuse’ NY. 
have taken six pounds off the weight of their portable 
Take-About Sander by using magnesium (Mg) metal. 


This machine, Type T-4, with inbuilt vacuum system and 
containing a 14 H.P. Universal motor, weighs only 27 
pounds. The designers attained this sizable weight reduc- 
tion by making the Sander’s case of DOWMETAL* Mag- 
nesium Alloy. 


Weighing a full third less than any other metal in common 
use, DOWMETAL is naturally a favored material for portable 
tools of all kinds. It makes them far easier to handle and, 
tough and durable, it stands up under severe usage. 


DOWMETAL’S scope of applications is far reaching because 
these useful magnesium alloys are available in sand, die and 
permanent mold castings, forgings, sheet, strip, plate, bars, 
tubes, structural and special extruded shapes. Full technical 


information will be supplied on request. 


The entire case of this Porter-Cable Take- About Sander 
is a DOWMETAL sand casting. 


Be sure to see the Dow Exhibit 
at National Chemical Exposition, Chicago 





THE DOW CHEMICAL COMPANY, MIDLAND, MICH. 
Branch Sales Offices: New York City, St. Louis, Chicago, 


LIGHTEST OF ALL STRUCTURAL METALS Sapana Aan Aagi SOI 


*Trade Mark Reg. U.S. Pat. OM. 





MAGNESIUM ALLOYS 














